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PREFACE 


THIS BOOK CONSISTS OF A SERIES OE ARllCEES, MOM 

of which were first published in the Daily Worker. 
However, that on “Life at High Pressures" was 
first published in the Penguin Series, whom I have 
to thank for permission to republish, and tliat on 
the “Lay View of Nature” by the W orld Union of 
Freethinkers. It is no joke to have to write a weekh 
article on science for the general public. It may 
have had a good effect on me, by giving me an 
excuse to read what was going on in other branches 
of science than my own, and also to try to state 
some of my own results in simple words. The 
rc.sult of doing this was that I frequently saw new 
relations between facts and theories, which I sub- 
setjuently worked out in scientific journals. In¬ 
evitably, in a popular article one must over¬ 
simplify, and I plead guilty to having done so. 
But I should like to point out that one often docs 
so in a scientific paper, and .perhaps with still more 
serious results. People write of the organs of the 
rabbit, as if they had dissected the Platonic idea 
of a rabbit; or of the average height of Londonei's, 
as if there was one. In fact, since people are taller 
when they get up in the morning than when they 
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PREFACE 


go to bed, and as old Londoners die and new ones 
are born every few moments, it varies in a most 
complicated manner. 

One cannot avoid making mistakes if one tries 
lo produce a set of words, or of mathematical 
I'ormulae, to describe nature. Nature is more com¬ 
plicated than language or mathematics. Never¬ 
theless, one must do one's best lo produce a set of 
symbols which arc not too discordant with the 
facts. Younger men and women will doubtless 
do it better than I, and I shall not be sorry to give 
place to them. I only wish that other newspapers 
would publish regular weekly scientific articles, 
as the Daily Worker does. They might also imitate 
it in some other respects. Aleanwhilc, here is a 
sample. Criticise it by all means. But the best 
form of criticism will be lo do a similar job, and 
K> do it better. 


J. B. S. Haldane. 
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liOW WE WORK 




IS MAN A MACHIXr..* 


THE FRENCH PHIEOSOPHER DESC ARIES. THREE (EX- 

lui-ies ago, was the hi-si to sa>' that men were 
macliincs. He thought that animals wore nothing 
but machines, and men were machines guided In 
souls. Xhe Orcek and Roman philosophers did not 
have this idea, because they only knew of very 
simple machines, such a.s bows and pulleys. When 
such complicated machines as clocks were made 
the idea became much more plausible. It is ob¬ 
viously a useful idea, because we can ask the same 
sort of questions about the parts of our body as we 
do about the parts of a machine. What is the heart 
for, and how does it work? Its function is to pump 
blood round, as an oil pump pumps oil round in 
^ many motors. And it has valves and other parts 
; like those of a pump. In the same way we can com¬ 
pare the eye with a photographic camera, the 
ncr\xs with telegraph wires, the fat under the skin 

with the insulating material round a boiler, and so 
on. 

The description of man as a machine is much 
more useful to-day than it was in Descartes’ time, 
because in his day self-moving machines were 
worked by springs, like that of a clock, whereas now 
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the best-known ones are worked by the burnine 
oi coal or petrol. The comparison between a niait 
and an engine driven by coal or petrol is ver>’ dost 
indeed, if we merely consider intake and output, 
and do not go into the details. Each requires com¬ 
bustible food or fuel and a large supply of air. In 
<*ach case most ol the food or fuel is combined with 
oxygen from the air and con\'ertcd into carbon 
dioxide and water x'apour. You can collect ihi 
exhaust gases from a man or a motor-cycle in a bag 
and analyse them. For the man and the machine 
you can make a very complete material balance- 
sheet; and. if the man has neither gained nor lost in 
weight at the end of a day, you can balance gain and 
loss very exactly. 

• ^ nian on a good balance-scale, such as 

1$ used for weighing gold bullion, no two swings are ' 
the same. He loses weight steadily. But this loss is 
exactly accounted for by the water vapour and 
carbon dioxide which he loses from his lungs and 
skin. What is much more interesting, you can make 
an exact balance-sheet for energy. On the credit 
side is the ^ergy which can be got from oxidising 
me tood. This can be measured very exactly by 
burning it m a calorimeter. On the debit side is the 
small amount of energ>- which can be got by burning 
the excreta, the amount of mechanical work which 
the man has done during the day, and the amount 
of heat which he has produced. Naturally the 
balance will be imperfect at the end of the day. A 
man may easily put on or lose a quarter of an 
ounce of fat. But m a series of forty days’ careful 
experiments the total energy credits and debits for 
three men were equal to within one part in 450. We 
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JS NIAN A MACHINF ? 

(lo not make encrg>-, nor get it Irorn an> super¬ 
natural source. \\ e use the ciiergv dcri\'able from 
.he oxidation of food as a macliinc would. In con- 
.^equence. the energ>' \aluc of a diet is one of tlie 
most important things about i(. 

Human energy outputs and needs are usualK 
measured in large calories, a calorie being ilu 
amount of lieat whicli raises (he temperature oi a 
kilogram of water b>- one degree Centigrade. A 
very inactive man can carry on on under 2,000 
calorics per day, an ordinary worker on 3,000 or 
so. A coal hewer may need 5,000, and a racing 
cyclist wall expentl 10,000 though he will take 
several days to make it up by eating. A well-trained 
man doing hard work may reach a mechanical 
elficiency of about 20 per cent. That is to say, one- 
fifth of his cnerg>- output is work, and four-fifths 
heat. But as he can only work for part of the 
twenty-four hours, this average cannot be kept up. 
A steam or petrol engine can reach much higher 
values, but this is hardly a fair comparison. For the 
engine docs not stoke itself, oil itself, do running re¬ 
pairs, and occasionally co-operate with another engine 

lo make a little one. Much of our energy is spent 
in keeping ourselves in working order. For example, 
all the energy which the heart expands in pumping 
the blood round is ultimately converted into heat. 

In these important respects, then, a man is a 
machine. It is worth while looking at some w'ays 
in which he is not. One of the essential features of 
a machine is that any part of it can be replaced 
by a spare part. This is only true to a small extent 
with men. If you try to graft a limb from one 
individual to another, it may heal into place, but 
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it will die later on. On the other hand, you can 
ffraft together trees of different varieties or even 
different species. And, what is more striking, yon 
can do the same with frogs if you operate on young 
embryos. A head from one species will grow on 

ihe bodv of another. . 

On the other hand, as the practice of Iranslusion 

shows, human blood can be used as a “spare part , 
provided certain precautions are taken. Again, it 
a man's pancreas goes wrong in a particular way, 
he cannot use sugar and wastes away with diabetes. 
But if he is given insulin made from a pig’s pancreas, 
he recovei's his health. Insulin is another spare pait 

that we can use. . 

So it is more dialectical to ask the question How 
much of a machine is man?" One can then answer 
in detail. Part of the answer would be that, as 
regards the use of spare parts, man is less of a 
machine than a tree or a frog, but still something 
of a machine. 



OUR MUSCLES 


UNDER OUR SKINS W£ HAVE A VARIETY OF ORGANS 

which arc arranged according to mucli the same 

general plan as those of a rabbit, a cat, or a sheep, 

and still more like those of a monkev. With a 

microscope we can see that most of these organs 

arc built up of cells. An average cell is about a 

thousandth of an inch across, of a shape like a 

short sandbag which has been squashed in an 

irregular heap. Single cells can be kept alive for 

many years in a suitable fluid, but nothing smaller 

Uian a cell will live for more than a few liours. In 

lact the cell is a living thing with its own internal 
organisation. 

A large part of our bulk is made up of muscle, 
or wliat at meals we call meat. Most of our muscles 
only act when stimulated by nerves, and go com¬ 
pletely flabby when the ncr\'es are cut. These arc 
all under control of the will. Others will cither 

.^7 contracted state, or contract and 

relax rhythmically, when the ner\ es to them have 
been cut. These include the heart, and muscles in 
such organs as the stomach and the womb. They 

controlled by the nerc’ous 
system. The voluntaiy muscles are almost all 

B 
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aitaclicd to bones, usually at both ends. But often 
there is a fairly long tendon between the muscle 
and the bone. Thus it is easy to verify that most 
of the muscles which move our fingers arc in 
the forearm, with tendons passing through the 
wrist. 

^Ve can show that a muscle is a chemically driven 
machine by analysing the blood going into it 
through an artery, and coming out through a vein. 
The blood in the vein contains less oxygen and 
sugar, and more carbon dioxide, than the blood in 
the artery. In fact the energy of muscular contrac¬ 
tion comes from the union of oxygen with sugar. 
How the oxygen and sugar get into the blood we 
shall see later. 

Under the micro.scopc we can see that a muscle 
consists of a number of cells lengthened out into 
fibres, each supplied by a single fibre from a nerve. 
The fibres contract individually, and the pull which 
a muscle exerts depends on how many of its fibres 
are contracting. Each fibre pulls as hard as it can 
if it pulls at all. The muscles act entirely by pulling, 
and one of the main functions of the bones of the 
limbs and lower jaw is to convert their pulls into 
pushes. It is easy by feeling someone else to verify 
the main muscles which contract when, for example, 
we strike out with our fists. 

The muscles exert very large forces. For example, 
the distance from the hand to the elbow joint is 
about six times the distance from the elbow joint 
to the end of the biceps muscle. Thus if a man can 
lift his weight with one hand, his biceps could lift 
six times this weight if it were tied to the tendon; 
and the great thigh muscles are far more powerful. 



OUR MUSCLES c] 

Though the energy of a conti acting muscle is 
ultimately supplied by the oxidation of sugar, this 
IS not its immediate source. On th<^ eontrai) a 
muscle can do quite a lot of work if its blood supnlv 
IS cut off; when working hard it actually liberates 
erjergy quicker than it can be supplied by oxidation. 
The immediate source of energy is the breakdown 
of an unstable substance called adenosine-triphos- 
ijhonc acid, which makes microscopic fibrils in tlic 

* 1 , . ^ as wool docs. Tiic adenosine- 

triphosphoric acid is then put together again as the 
result of a ycry complicated scries of chemical pro¬ 
cesses. Model muscles will run on a supply of.\.T.P. 

as it is usually called, but they arc not a practical 
source of power. 

A rough analogy would be a.s follows; Imagine a 
petrol motor charging an accumulator which in 
Us turn works a dynamo which coils up a powerful 
spring. The motor will gi\c five hor.scpowcr at 
most, and docs so automatical!) until the accumu¬ 
lator IS charged. But the accumulator will giyc ten 
horsepower for a short time and the spring even 
more for a second or two. 

This is roughly what happens with our muscles. 
11 you are running a hundred yards you go all out. 
and your muscles develop their ma,\imum power. 
J-or some minutes after the race you breathe more 
than usual, and the mu.scles are taking sugar and 
o.xygcn out of your blood to recharge the accumu¬ 
lators and wind the springs. If you arc running two 
miles you will keep a steady pace ^vhich is set by 
the maximuni rate at which cnerg>' can be supplied 
to the muscles by oxidising sugar. The spring, to 
use the metaphor, is kept wound up, and the 
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accuniulaior charged. At the very end you sprint, 
and, as it ^vcre, allow ilie spnng to uncoil and the 
accumulator to discharge. If you sprint loo soon, 
your muscles will be less elTicicnt. 

Thus the same muscles can do very hard work 
for a short time, and moderate ^\ork for much 
longer. Of course, the real mechanism is much 
more complicated than the analogy suggests. 

In particular, the muscle has a store of sugar in 
the form of a kind of starch called glycogen, which 
it uses up during work, and it goes on taking up 
sugar from the Wood long after it has satisfied its 
need of oxygen. This account, summary as it is, 
obvdously raises a lot of questions. The most obvious 
one is, “How do the ner\'es make the muscle fibres 
contract?” But equally important are the questions 
of how the muscles are supplied with the oxygen 
and sugar which they need for work, not to mention 
scores of other substances which are required even 
to keep them in working order, let alone to allow 
them to grow. This brings us to the question of 
the economics of the body; that is to say, how the 
\arious organs arc supplied with what they need, 
and how they gel rid of their waste products. For 
every organ has its needs. The liver and kidneys, 
for example, arc working all the time, more steadily 
than most muscles, but just as surely. ^Ve shall deal 
with these vital economic relations each in turn. 
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THE MOST SI KIKLNG AM) OBVIOtS KLLAl iOXS BEi WEEN 


the parts of the body are through the nervous 
system. \Vc move our leg when we want to do so. 
or involuntarily if wc tread on a hot coal. And 
unconscious actions, such as sweating and digestion, 
have also been proved to be under nervous control. 

But the chemical relations, corresponding to the 
economic relations between members of human 
society, arc far more vitally important. You can 
cut the nerves to a leg and it will go on living, 
though the muscles vvill waste until the nerves 
grow again. But il you cut ofi the blood supply 
for a few hours, the leg will die, and unless it is 
amputated the whole body will rot. 

Chemical substances pass from one part of the 
body to another mainly by the blood, but partly 
by a clear fluid called lymph, which drains into 
the bloodstream from the tissues through special 
channels. 

You have probably a little over a gallon of blood. 
Nearly half the v'olume of the blood consists of red 
corpuscles, whose function is to carry oxygen. The 
rest is a yellowish liquid called plasma, which 
carries round other substances. 


* 
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These iiirludc a number of proteins, whose molc- 
( ulcs arc loo large to allow them to pass througli 
the membranes of most blood vessels. The most 
striking fact about the substances which can get 
through is their extreme constancy. For example, 
the amount of sodium in a pint of plasma does not 
vaiy by more tlian about one per cent, between 
different people, or in the same person at different 
times. 

The reason for this is an historical one. The 
blood plasma of a crab, a cuttlefish, or many other 
sea animals is of nearly the composition of sea 
^yatcr, and their hearts will go on beating for some 
time in sea water. If you kill a rabbit and cut the 
Iieart out, it will not beat in fresh water or sea 
water. But it will beat in sea water diluted with 
about two and a half parts of fresh water, and still 
belter in an artificial solution which is an even 
closer imitation of plasma. Our cells demand an 
imitation sea water because their ancestors were 
accustomed to live in real sea ^vater. They demand 
it diluted because when tliey came out of the sea, 
sometliing o\'er three hundred million years ago, 

there was a good deal less salt in the sea than there 
is now. 

The salts in the plasma are mainly common salt, 
or sodium chloride, and sodium bicarbonate. There 
are small amounts of potassium, calcium, and 
magnesium s^ts, phosphates, and other compon¬ 
ents; even a little zinc and iron. These are essen¬ 
tial. Without potassium the heart goes into cramp. 
\Vithout calcium it will not contract. The bicarb¬ 
onate is needed to balance the acidity which would 
olhcr\visc be caused by the carbon dioxide produced 
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in the different organs. Besides salts there arc oxygen 
and foodstuffs on the way to organs which use them, 
waste products on the way out, and hormones 
going from one organ to another. The amounts 
of these, too, are astonishingly steady. 

Our cells arc specialists. They arc cxiremeh 
good at their job, whether it is doing mechanical 
work, chemical work such as secretion, communica¬ 
tion, or thinking. They arc much more efficient 
than isolated cells such as protozoa, which have 
to be Jacks-of-all-trades. But they demand a 
standard environment with an adequate supply of 
oxygen, food, and hormones, a steady temperature, 
adeouate removal of waste products, and so on. 
A skilled mechanic produces far more per day 
than a savage. But he cannot catch or gather his 
breakfast, build his hut, and so on, as the savage 
can. These things are done for him by other skilled 
workers. Our cells arc specialists in the same son 
of way. 

The great French physiologist, Claude Bernard, 
who discovered the sugar in blood, made the follow¬ 
ing statement: “All the vital mechanisms, varied 
as they are, have only one object, that of preserving 
constant the conditions of life in the internal 
environment.” This is possibly an exaggeration, 
but not a vei*y bad one. 

Look at it this way. You work to earn wages, 
which are mainly spent on food, clothes, and rent. 
The clothes and house help you to keep your 
temperature constant. The food is needed to keep 
the foodstuffs in your blood constant. If you do 
not have a rotten tooth out, your blood will be 
flooded with various poisons. So it is lucky you 
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have a toothache to \varn you. If you do not wash 
you will be likely to get one of several diseases 
which have the same effect. If you hang yourself, 
the cells of your brain will get no oxygen, and you 
will die. Claude Bernard was a contemporary of 
Marx, and Ins generalisation has the same im¬ 
portance for physiology as Marx’s economic inter¬ 
pretation of history has in political science. When 
we understand why the various constituents of the 
blood are needed, and how they are regulated, we 
know a good deal about ho^v we work. 

One of the functions of the kidneys is to regulate 
the amount of salts in the blood, and the other is 
to get rid of substances Avhich arc not wanted, 
including waste products. Each kidney contains 
about a million microscopic filters called glomeruli, 
through which blood flows. The filter holds back 
the corpuscles and proteins, but about a quarter 
of the plasma leaves the blood to pass down a tube. 
The walls of this tube are alive, and the cells re¬ 
absorb from the filtrate a standard fluid which is 
what blood plasma ought to be, and return it to 
the blood. Almost all the waste products are left 
behind to form urine. If you have just been eating 
salt, and your blood plasma has more than the 
standard amount, a concentrated salt solution is 
left behind. If you have been sweating and drinking 
water, the salt in tlie filtrate is below standard, so 
when the standard fluid is reabsorbed you produce 
a urine with no salt in it. The same process is 
applied to other constituents, such as sugar. 

We can compare the tube to a conveyor belt, 
from which workers pick out what is wanted, and 
eave extras and waste products beliind. The kid- 
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neys sift a volume about equal to the whole plasma 
every half-hour. The clifTcrcnt units, consisting of 
a filter and tube, take occasional rests. At any par¬ 
ticular time, a large fraction of them, often more 
than half, are shut down. 

Some of the other organs work similarly in the 
“planned economy” of the body, which, so long 
as we are in health, ensures that every cell is supplied 
according to its needs. 
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I Ht BLOOD TRANSPORTS SUBSTANCES FROM ONE PART 

of the body to another, and a study of its functions 
is a study of the productive relations of the differ¬ 
ent organs. We also know a good deal about how 
the various substances in it are made in different 
cells. Unfortunately this knowledge can only be 
explained in terms of fairly complicated organic 
ehemistry. 

Most educated people know roughly how the 
heart works. It is a hollow muscle, and consists of 
four chabibers. The upper two, called the auricles, 
have thin walls, so that they are easily filled, but 
cannot pump at high pressure. The lower two, 
called the ventricles, have tliicker walls, and it takes 
some pressure to force blood into them. But they 
can force it further on at high pressure. The right 
auricle gets blood from all over the body, the left 
one from the lungs only. They contract together, 
and fill the ventricles. The right ventricle forces 
blood through the lungs, the left ventricle through 
the rest of the body. The direction of the flow is 
determined by four sets of valves. 

Thus, in a complete circuit, a blood corpuscle 
passes through an organ, such as a muscle or the 

i6 
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brain, where it gives up oxygen needed by the 
tissues, returns to the right heart by veins, and is 
sent on to the lungs. Here it picks up oxygen, and 
goes on to the left heart, which pumps it through 
arteries to the same or another organ. 

1 he heart has a natural rate of beat, which it 
preserves if removed from the body. One set of 
nerve fibres passes messages from the brain which 
slow It down; another set speeds it up. At rest it 
is bcaung slower than the “natural” rate. A special 
part of the brain, just where it joins the spinal cord 
at the back ol the neck, regulates the rate. The 
normal regulation is carried out as follows. In 
several ol the large arteries, including the aorta, 
which leads out of the left ventricle, and the carotids, 
which carry blood to the brain, there are pressure 
gaugp. Ihese consist of a group of cells, each 
attached to a nerve fibre. The higher the pressure, 
the more impulses go along these nerve fibres; and 
the more impulses that go up the nerve fibres, the 
more leave the brain to come down the nerves 
winch slow the heart beat. Tliis is a simple example 
of a reflex, and is, of course, done quite unconsci¬ 
ously. In consequence, the pressure in the large 
arteries is kept pretty steady. 

Now suppose an organ begins doing work, for 
example, the stomach churning up a meal and 
rnalang gastric juice, or my arm muscles playing 
their part m writing this page. Carbon dioxide S 
produced in the working cells, and this makes the 
small blood vessels through the organ open up. 

1 hus the organ gets the oxygen it needs, and gets 
nd of carbon dioxide. As a result, the blood gets 
away from the aorta more easily, and the pressure falls. 
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Fewer impulses go out from the brain, and in 
(onsequcncc the heart speeds up until the pressure 
is restored to its normal value, which is about 
cqui\’alent to lour and a half feet of water in a 
young adult and more in an older one. 

In fact, the left heart is constantly doing work 
equivalent to pumping the blood to a cistern about 
three feet above the top of your head. Such a 
cistern would be useful if we were always standing 
up. As w'c arc not, a system of elastic tubes is more 
cfTicient. At rest, the average adult heart dclivei's 
a bit under a gallon a minute. During very hard 
work this may go up from six to nine or ten times, 
partly by speeding up the rate, and mainly by 
increasing the output per beat. 

This is the normal situation at rest. Each organ 
gets as much blood as it requires. But if there is 
not enough blood to go round them all, a system 
of pnorities is put into operation. There is muscle 
in the walls of most of the larger blood vessels, 
and it is under control of the brain. If you start 
taking violent exercise the circular muscles round 
the arteries to the viscera contract, and their blood 
supply is reduced to a tiickle. For example, your 
kidneys may be very busy producing urine, but 
if you run a mile the secretion stops abruptly. Simi¬ 
larly you cease to absorb food from your intestine. 

The priority, or vasomotor, system, as it is 
called, is used in another situation. You have to 
get rid of the heat produced by .the various chemical 
processes in your body. You produce enough to 
raise your temperature by about three degrees 
Fahrenheit per hour if none gets away. Normally, 
W'C get rid of it easily, and wear clothes to keep it 
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in. liui if wc produce more heat ihaii usual, or 
die temperature outside rises, then special meas¬ 
ures arc taken. The arteries to the skin arc opened 
full up, and the blood (low through it increases 
about ten times. Its temperature rises, and it loses 
far more heat than usual. Very often this skin 
Hushing is accompanied by sweating, which is a 
very cllicient way of keeping cool, provided the 
sweat can evaporate. 

The brain and heart arc privileged. There is no 
means of cutting their blood supply ofl', though it 
can be regulated to some e.xtcnt. If the brain goes 
without fresh blood for even half a minute, we 
faint. Unfortunately in the standing position it is 
particularly liable to go short, especially when one 
cannot move one's legs, and the blood stagnates in 
them. That is one reason why sick people have to 
lie down. 

The vasomotor .system is normally outside vol¬ 
untary control, though the phenomenon of blushing 
shows that the emotions interfere with it. How¬ 
ever, it is very easily controlled during a variety 
of religious practices, such as those oi' dervishes, 
who cut themselves without bleeding. Probable 
an actress, such as iJcitc Davis or Beatrix Tchiiiami, 
who is an expert in portrayinginien.se emotion, ran 
eonirol hers to a large extent. A good many people 
can weep at wi]l;some can control their lieart rate. 
In fact, the line is not at all clearly drawn. 

But considering that the heart rate and the diam¬ 
eters of the various arteries are normally regulated 
-so as to supply the clifi’erent parts of the body fairly 
in the general interest, it is a ver^^ good thing that 
most people cannot interfere with this control. 



HOW WK BREATHE 


PRIMlTIVr. MEN TilOUGHT THAT nREATJHNO AND 

life were the same thing, and this curious idea is 
embodied in our language. There are two Latin 
words for breath, anima and spiritus. Our words 
“animal*’ and “spiritual”, derived from the Latin, 
are now used with contrary meanings though 
originally both meant “breathy”. 

Some simple organisms can live without any sort 
of breathing. Most of them use oxygen and get 
rid of carbon dioxide. The larger land animals do 
this through special organs, the lungs. We expand 
our lungs by moving the ribs, and by contracting 
a dome-shaped muscle, the diaphragm, between 
the chest and belly, which pushes the contents of 
the abdomen down, and sucks the lungs after it. 
Men use the diaphragm more than women. 

The essential of human breathing is the exchange 
of gases between the lungs and the outer air. If the 
breathing muscles are paralysed this can be done 
artificially for years on end, if need be, with an 
“iron lung” which expands and contracts the chest 
artificially. It can even be done without moving 
the chest at all, by putting a man into a steel 
cylinder in which the air pressure is raised and 
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lowered through about 5 lbs. per square inch gauge 
pressure about fifteen times a minuic. Wiicn a 
man is put in this he soon stops breathing in tiie 
ordinary sense of the word. Tiie expansion and 
compression of the air in his lungs is enough to 
carry out the necessary gas exchange. 

The lungs are of a spongy structure with a total 
surface area of about 100 square yards. The mem¬ 
brane between blood and air is extremely thin 
and is the most vulnerable part of our body. About 
one person in seven dies of lung disease due to in¬ 
fection, dust, or both, ahhougii the lungs have a 
\ery large factor of safety. One can live quite well 
with only one lung. More people die of heart 
disease than lung diseases. But that is because no 
large part of the heart is indispensable. You could 
not live for five minutes with only half a heart 

A resting man uses about half a cubic fool of 
an hour, and anything up to ton times as 
much during very hard ^vork. He produces a 
slightly less volume of carbon dioxide. \Vhen the 
carbon dioxide in the inspired air gels above three 
j)cr cent, tlie breathing gets deeper, when it rcache.s 
SIX per cent, one pants heavily. So, to take a topical 
example, if each man in a submarine has 400 cubic 
Icet of air, during moderate work lie will produce 
about a cubic fool of carbon dioxide every hour 
and the crew will be panting badly after twenty-four 
hours It this gas is not removed artificially. 

Both the oxygen and the carbon dioxide in the 
blood arc mostly in chemical combination. You 
can get about 18 to 20 volumes of oxygen and r.o 
to bo volumes of carbon dioxide with a pump from 
100 volumes of blood. This means that a volume 
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of blood carries round nearly as much oxyRen as 
(he same \ olume of air. The o.xygcn is combined 
\viih the red pigment haemoglobin, and this will 
not take up much more e\ en if you breathe deeper 
and faster than usual, or breathe pure oxygen Nor 
docs It take up much less if the amount of oxygen 
m the air is slightly cut dotvn, as when one flies at 
(lie height of a mile, though at two miles up it is 

breathe air with some extra o.xygen in it. 

The carbon dioxide is mostly present as sodium 
bicarbonate, and as various other weak acids com¬ 
pete snth It for the sodium, your blood loses a lot 
It you overbreathe, and takes up a lot if you breathe 
air containing say seven per cent, of carbon dioxide 
In either case you feel pretty queer. If you sit in 
a chair and breathe as deep and as fast as you can 
lor a minute or so your fingers will probably begin 
to tingle. If you go on longer >'ou will probabh’ 
get cramp m your hands and feet. Some people 
get convulsions; and probably if everv reader 

of this book tried it, one or two of them would 
cue. 

For your body to work normally you must have 
just the right amount of carbon dioxide in your 
blood and various organs. If you like to put it that 
way, carbon dioxide is both a poison and a neces- 
sii) ol life. The breathing is normally regulated so 
as to keep the carbon dioxide in the blood at a 
steady level. You pant if it rises above this level 
as a result of exercise. If it falls below it, you slow 
down your breathing, or even stop it, until it rises 
to normal again. 'There is a second regulating 
device which speeds up the breathing still further 
if the oxygen m the blood falls below the standard 
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level; biu ihis only conics into aciion during very 
hard ^vork. 

The blood coming to the brain is continually 
being sampled, partly by cells in the brain itself, 
and partly by a special organ situated along with 
the pressure gauge on the carotid artci7 in the 
neck; and breathing is a reflex depending on the 
composition of the blood. 

In fact breathing is one of the many bodilv 
activities which keep the internal cinironment of 
our cells steady, and as it is one of the easiest to 
study, it has thrown a good deal of light on the 
others. It is remarkable that this regulation goes 
on even when we are using our lungs for another 
puiposc such as speaking or singing. Normally the 
regulation is quite unconscious. But if it is inter¬ 
fered with, for example, if we hold our brcatii, 
or breathe air containing seven per cent, of carbon’ 
dioxide, we develop an air hunger which gets 
pnority over every other sensation. This is quite 
typical of how we work. Our minds pay little 
attention to our bodies as long as they arc workin^r 
normally but attend very quickly when certain 
things go wrong. Some demands are clear enough 
to our consciousness. We know whether we aVc 
short of air, water, or food. Unfortunately we are 
not so clear when we arc short of some particular 

as trytophan or 

vitamin A. 

This brings us to the discussion of digestion and 

diet. ! . 
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WK NEED l OOn AS A SOVRCE OF ENERGY TO DO WORK 

and keep warm, and also for growth and repairs. 
Some free-li\ ing single cells, such as an amoeba, 
can cat a great variety of foods. So can some of 
our \vhitc blood corpuscles, which do their best to 
remove foreign matter under our skins and to eat 
up dead tissue. 

But most of our cells arc specialists, and demand 
foodstuffs of standard types, dissolved in the blood. 
The function of our digestive organs is to keep up 
a standard level of the various foodstuffs in the 
blood. The most important of these, and the only 
one which we can yet estimate accurately by 
chemical methods, is sugar; not ordinary cane 
sugar, but glucose, also called grape sugar or barley 
sugar. If the amount of this in our blood falls 
below the standard, our stomachs begin to contract, 
attd we feel hunger. 

Sugar is our main source of energy, though fat 
is also an important one; but wc also need an un¬ 
known number (probably more than thirty and 
less than a hundred) of other substances. These 
are partly used as sources of energy, but mainly 
for building up new living material. For example, 
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\\c arc coniinually making new skin as ilic ok\ 

skin IS rubbed away. Some of ihcsc essential 

chemicals can be made in our own Ijodics others 

cannot. A green plant can make them all. We 

rely for them on the green plants, whether we cat 

plants, or the Hesh of animals which have eaten 
the plants. 

In our food most of these dietary essentials arc 
built up into larger molecules. For c.xamplc, in 
biead and potatoes the sugar molecules are joined 
up m long chains to form starch. We store sugar 
ni oiii Ii\crs and muscles as a substance called 
glycogen, uhich is fairly like starch. Hut the pattern 

Lwn ’r have to break starch 

down to sugar before we can build it up to eh- 
cogen. ' ^ ^ 

In the same way each animal and plant species 
builds up Its characteristic proteins from about 
twenty types of molecules called amino-acids 
arranged in patterns which difl'er from one species 
to another, and to some e.xtent within a species 
A foreign protein injected into our blood is not 
nicicl) useless. It is often poisonous, and we ha\e 
special mechanisms to deal with it. .Many of the 
symptoms of infectious drscases arc due to the 

rh.eeH"‘'K “f">eign” proteins pro- 

hv bactena, and some can be reprodticed 

by repeateil mjections of other foreign proteins, 
such as egg w'hile. ^ 

Digestion is simply the process of splitting up 

Tprotein pro- 

®P‘=cies into smaller ones which 
PMs through the walls of our gut into the blood, 
and can be used by our cells and made up into 
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i1k‘ rhcinical i)atlcrns ciiaractcristic of man Tiiis 
spliding is earned out by a special set of proteins 
made in die various glands which open into our 
digcstive organs. They arc called the digesti\c 
fcimenls or enzymeSj and have amazing properties. 

For example, our stomach produces a fermcm 
called pepsin ^\■hich will digest hftv times its weight 
ot protein per second, and keep up this rate for 
sonic hours. ^VJiat is even more remarkable it 
can reproduce itself. The glands in the wall of 
the stomach do not make pepsin. If they did they 
would probably digest themselves. They make a 
Stull caHed pepsinogen, which does not digest pro¬ 
teins. But il a little pepsin is added to pepsinogen 
It makes more pepsin, as a labbit makes grass into 
inorc rabbit. Pepsin is not alive. But it shows some 
<) the properties ofliviiis things, and more com¬ 
plicated proteins show still more of them. No one 
can draw a sharp line between living and non- 
Ii\ing subslcinccs, und some of the properties of 
pepsin arc siiown by synthetic laboratory products. 

Out food usually slays for some hours in the 
stomach, where pepsin and other ferments break 
It up into a soupy condition. Then it is gradually 
passed on into the small intestine, a tube about 
twenty feet long where more ferments complete 
digestion, and the small molecules formed pass 

wall into the bloodstream. The 
residue goes into the large intestine where most 
of the water is absorbed, and undigested residues 

arc concentrated and finally thrown out of the 
body. 

. The digestive canal has its own set xif muscles 
including those which chum up the food, and pass 
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it along, and sphinctei's at each end of the stomach 
and of the large intestine, which open \vhcn re¬ 
quired. These muscles, and the \arious glands, 
are controlled bv the nervous svstem. and Mso com- 

/ 4 • 

municate with one another by hormones carried 
in the bloodstream. Nervous impulses come up to 
die brain; but except for those from the two ends, 
die mouth, throat and stomach and the rectum, 
ihey do not usually give rise to sensations. For ^vc 
know when our stomach is contracting with hungei , 
and when oiu’ rectum, the last section of the large 
intestine, is full; and we take appropriate action. 
But messages from the rest of the intestines onl\ 
get through to the consciousness when things aie 
g^)ing wrong and we feel pain. 

The liver .secretes some digesii\c ferments, bni 
its main function is storage and regulation. The 
l)lood from the intestines passes thiough it belbi<* 
going on to the heart. During digestion this blood 
naturally contains far more than the standai'd 
amounts of foodstuffs. It also contains some sub¬ 
stances which would be poisonous if they accumu¬ 
lated in the blood. The liver takes up the excess 
of sugar and other nutrients, and stores them in 
its cells, ^\•here they are gradually liberated when 
the amount in the blood falls below the standard. 
It also makes ammonia, and some other poisons 
produced in digestion, into harmless substances. 

We do not use all our food, borne fibres arc in¬ 
digestible, and some of the products of digestion 
arc used by bacteria in our intestines. These make 
a number of ill-smelling substances, and w'astc 
some of our food. But they also make some nutri¬ 
ents which we need, such a.s vitamin K w'hich is con- 
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crmcci ill blood clouing, and of which wc do nol 
cnou"ii in our food. Dcfiniiely harmful organ¬ 
isms. such as worms and typhoid bacilli, sometimes 
gel into our guts and cause disease. I have little 
doubt that in a few hundred years wc shall know 
enough physiology and bacteriology to keep our 
insides as clean as ^\e keep our skins. This will 
nnan a consideiable increase in health, and the 
emi ol a number ofsmclls whicli wc take for granted 
at present. Ihu we (annoi yet achieve “inner 
cleanliness", in spite of advcrtiscmcius, and would 
probably die of \ ilamin dcncicncies if wc did so. 
We (.mnot yet control wliat goes on in our guts, 
inn w(' can control what w(' put into our mouths 
b\- a bakmced diet. 
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of scicniific ralioiung. For man's needs for ibod 
arc lart(cly, ihough nol comjileieh, known, wliercns 
liis needs for clolhing, housing, and so on. are nol. 
For example, we know ihal lice can breed in 
underclolhes if ihcy arc not washed aboui once a 
week. We do nol know if it is ofihc sligliiesl benefit 
lo heallh to eliange them daily. 

I'he firsl animal whose diclary needs weie fairly 
conijilcicly worked out was the rai. Fiuman needs 
are not quite the same as those of rats. For example, 
rats do nol get scurx y if dcpri\'ed of ascorbic acid, 
otherwise known as vitamin C*, and men do. Bui 
men po.ssibly do not need hisiidinc in ilicir pro¬ 
teins, certainly not very much of it, and rais require 
it. 

First of all, man needs a diet which w ill gi\ e him 
enough energy lo keep up liis temperature and do 
his daily w'ork. The energy provided by the food 
is measured in calorics. The amount needed varies 


with the work done from under 2,000 for an in\ alid 
in bed to 5,000 or more for a coal miner or lumber¬ 
man. This energy is mainly obtained from the 
oxidation of carbohvdratcs such as starch and 
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bugar, and of fats, including butter and olive oil. 
Some is provided by the oxidation of proteins, and 
these are particularly useful in keeping us warm 
in cold weather. 

Because human energy needs are so variable, 
it is most important ih^* some articles of diet with 
a high energy value should be unrationed. \Vc have 
always, c\cn during the war, been able to get as 
much bread as we wanted in Britain and often as 
much potatoes and oatmeal. But very hard workers 
usually consume a lot of fat as a source of energy, 
and we have been short of fats. Probably the miners’ 
demand for more meat is as much due to fat hunger 
as protein hunger. 

A diet which is very low in calorics leads to a 
(onsiderablc loss of ^\•cight, and ultimately to 
death from starvation. The prisoners at Belsen 
got about 800 calorics per day; and no one could 
live for as long as six months on such a diet, even 
if he were doing no ^vork. 

Proteins are also needed for growth, if one is 
young or pregnant; to provide milk, if one is nursing 
a baby; and to replace wear and tear of living 
tissue, if one is an ordinary adult. And an ordinary 
adult needs about 70 grams, or two and a half 
ounces, of protein per day. But the quality is im¬ 
portant, for proteins arc built up of a variety of 
constituents called amino-acids, and some proteins 
do not contain all the amino-acids which we need. 
Milk, cheese, meat, and fish arc good in this respect. 
The proteins of vegetable seeds such as wheat are 
not so good. So, though bread contains a fair 
amount of protein, some animal protein is needed 
as well. 
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Men who run short of proteins may live for a 
long time, but they develop various diseases. A 
\'ery characteristic one is hunger dropsy, apparcinlv 
due to a shortage of proteins in the blood plasma. 
This allows water to leak out of the blood into the 
body tissues. 

We need much smaller amounts of a group ol 
\ cry various organic substances which arc grouped 
together as vitamins. Our daily needs of ascorbic 
acid are about 75 milligrams, or just over a grain, 
per day. The best source is fruit. Potatoes contain 
enough to keep off scur\y, which results from a 
gross deficiency of this vitamin, though hardh 
enough for perfect licalth. We need about 20 
milligrams a day of nicotinic acid, three milligi anis 
of riboflavin, and a good deal less of a dozen or so 
other vitamins. A gross shortage of any one of 
them gives rise to a characteristic disease such as 
pellagra, rickets, or night-blindness, but a moderate 
shortage merely leads to slow growth and indefinite 
ill-health. These vitamins arc found in a varict\ 
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of foods. The main value of green vegetables is 
as a source of some of them. Others are naturallv 
found in butter and artificially added to margarine. 
A monotonous diet is very apt to lead to a lack of 
one or other of them. The “points” system has 
has been an attempt to give some varieiy to every 
household. 

Finally we need various minerals. A hewer in a 
hot mine may need about two ounces a day of 
common salt to make up for what he loses in his 
sweat. We also need about one and a half grams 
of phosphorus and nearly a gram of calcium; even 
more if we are making bone quickly. Milk is a good 
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souicc ot both. W c need about twelve milligrams 
of iron in an easily absorbed form. Cocoa and liver 
are particularly good sources. A shortage can cause 
anaemia, particularly in women, who need rather 
more iron than men. as thev lose more blood. 

4 

All these arc \cry rough (igurcs. Nursing and 
(xpcciani mothers need more of most things; 
glow ing children, of main . There is no reason to 
think our knowledge is ain thing like complete. 
It is good enough to wipe out serious malnutrition, 
but it is not yet good enough (o prescribe the best 
possible diet. 


! iCi us see w h\ : 

A stiaiit of rats at Columbia Univ er.sit), N( \v 
^'ork, has carried on for fifty-eight generations on 
a standard diet, of which they can eat as much as 
tin y want, lb human standards it would be callctl 
an adctiuate (liet. Hut when the amount of \itamin 
A in it was (|na<lrupled, the average life of mah's 
increased from (ifju* to 723 days, that of females 
from 7'Ji to 8;;o days, btill more striking, the 
a\erag<' period oNcr which fctnalcs bore children 
was increased from 26-) to 389 days. Substitute ten 
days for a year, anti you get a rough human 
ecjuivalenl. experiments on this .scale w’ilh men 
and women arc of eoiii'sc impracticable, but wc 
shall not gel at the facts until groups of hundreds 
of pet>plc have been kept on controlled diets for 
periods of several years, and their health records 
and fertilities compared. Such experiments \vill 
cost a lot, blit less than an atomic bomb or e\'cn a 
battleship. 



rwK m:r\'ol's sysvem 




Al.MOM AM, I'ARIft C»I (,>1 R RODV (.OXiAI.N \ I RV ll\l 

{il)r<-s MJimiiii; iiiio bundles which arc called iieiAcs. 
and whith can linally be iraced into the c(*niral 
nciAous svsleni. that is to sa\' the brain in ilu- 

' f 

IjoiloNs ol om skulls, and the spinal c(jrd in the 
hollou ol our backbones. 


lauh libic can (ondiui messages either \Na\, 
l)nt usually does so in one direction onl>. rh<.»s(' 
which conduct niessage.s to the ccniral nciAons 
sNstnn are callc<l afrerent fibres. 'I'he) inchnh' 
sensory fibres, that is lo say fibres whose eonnc(- 
(ions with the brain are such that messages u)) 
them cause sensations of sight, sound, sniell, tout li. 
pain, oi some other sensation. But .some afT'crcnt 
messages cau.se no sensation, for example, those 
which enable us to regulate our digestion. The lilnes 
which conduct messages outward are called cflcr- 
ent fibres. Most of them cause muscles lo contract, 
and arc called motor fibres. But some go to glands 
and other immobile organs, or make muscles relax. 
Most neiA'cs contain both afferent and efferent fibres, 
but a few, such as the nerves from the eye and ear, 
are one-way streets. A large nerve, such as that from 
the eye, may consist of about half a million fibres. 
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Eacli fibre is a tube full of a sticky fluid, and is 
jiart of a cell whose nucleus is inside the central 
ncr\ ous system, or in a jranglion outside it. If a 
nerve is cut. the parts of the fibre separated from 
the nucleus die in two or three days. The messages 
which pass along the fibre are series of “impulses” 
like “dots” in Morse code. They travel at a speed 
\ arying in different fibres from about 250 miles per 
hour down to under sixty. Each impulse is a wave 
of chemical charge accompanied by a small electrical 
disturbance giving a potential of about a twentieth 
of a volt, which can be amplified with radio valves, 
and made to work a loudspeaker or a recording 
l)en. 

Each nervous impulse is as powerful as the fibre 
can manage. There are not different kinds in one 
fibre, like dots and dashes. Nor arc they essentially 
different in different fibres. Whether a series of 
impulses along a fibre will give rise to a sensation 
of sight, touch or pain, to a movement, to a 
secretion of tears, sweat or a digestive juice, de¬ 
pends on the connections of the iibre, and not on 
the quality of the impulses. 

The impulses going inwards start from what arc 
called receptor organs, each specialised to respond 
most readily to a particular kind of physical or 
chemical process, and often provided with appara¬ 
tus to magnify the process in question. But they 
can also be stimulated by other processes. For 
example, the receptor cells in the retina at the 
back of the eye are particularly sensitive to light, 
and the eye is so arranged as to concentrate light 
on them. But they can easily be stimulated by 
gentle pressure with a finger tip, or by a weak 
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electric cinrciu. The more strongly tlic icccpt<n 
organ at the end of a fibre is stinuilatccl, tlie more 
frequently it sends impulses along the fibre. The 
frequency may vary from about a hundred to less 
tlian one per second. But all the information which 
we gel from our senses has to pass through this 
bottleneck of series of impulses along nerve fibres; 
and one of the great problems of philosophy has 
been to understand how, if this is so, we can know 
anything about things. 

In the same way, when we move a limb \ oluntar- 
ily, an immensely complicated series of \olleys 
of nervous impulses goes out along tens of 
thousands of ner\'c fibres to the muscles con¬ 
cerned. Each fibre makes contact whh a muscle 
fibre, and each impulse lets loose a small quantity 
of a substance called acetyl-choline, which causes 
the fibre to contract. 

A series of impulses from receptor organs ma)’ 
give rise to a response by effectois. This ma)- be 
an unconscious reflex action like breathing, speed¬ 
ing up the heart, or sweating; a fully voluntary 
action, like skilled work or speech; or something 
in between, like ordinary' walking. But in any 
case the impulses have to pass through the central 
iicr\'ous system. This is a collection of' several 
thousand million nerve cells, each connected with 
a number of others by microscopic ner\'c fibres. 

Wc can get an idea of its complexity by imagining 
a telephone exchange in which every member of 
the human race was an operator, each sitting at a 
switchboard where he or she could call up a fairly 
small number of other operators. But the messages 
would be in a very simple code, nothing so com- 
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plicated as speech. UnfoiTunalcly we can only 
see the individual operators, or neurones, as they 
arc called, after they arc dead. And though it is 
possible to lap a single nerve fibre under the skin, 
w'c cannot yet listen in to a single operator in the 
brain, though we can observe the electrical dis¬ 
turbances produced by a large number. ^Vc know 
that there are a few million operators at the end 
of afierent nerve fibres, such as those from the 
eyes and skin, and a smaller number, less than a 
million, sending out messages along eirercnt fibres. 
The vast majority are in between them in the net¬ 
work of nerve fibres. A century of careful work 
has only taught us the rough outlines of their 
organisation. 

^Vc know, for example, from a stud\' of brain 
injuries, that no amount of activity of the neurones 
immediatelv connected with sensory nerves will 
cause the faintest sensation. Before there is any 
sensation these neurones must “call up” a number 
of others, and these must pass the message on still 
further. We also know something about the prin¬ 
ciples according to which tlic different parts of 
the nervous system interact. They arc not easy to 
undei'stand, but they have a dialectic of their own 
which a Marxist should find easy to grasp. 
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such as straightening the elbow joint tiuring a blow 
in boxing? The most ob\ ious thing is contraction 
ol a muscle, in this ease the triceps running from 
the shoulder to the outside of tlic elbow. 

But this is not all. If it were, the movement would 
end with a \ iolent jerk which would strain the elbow 
and perhaps break a bone. Throughout the 
straightening process the biceps muscle whose con¬ 
traction bends the elbow is gradually relaxing, but 
never so completely as to make the movemeni 
jerky. Even when we are at rest, all our muscles 
arc in a state of slight contraction. Impulses are 
coming to them from the spinal cord, or in the 
case of the head and some internal organs, directly 
from the biam. In any movemeni the slackening 
of the tension in one set of muscles is almost as im¬ 
portant as tlic increase of tension in another set. 
Thus posture and movement arc acliie\'cd by a unity 
of opposite process^. \Vc do not have to think or 
will in order to achieve this reciprocal innervation of 
antagonistic muscles, as Sherrington called this pro¬ 
cess. On the contraiy, it occurs in reflex as well as 
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\<ilun(ai) actions, and the sets of neurones, or nei\e 
cells, resjjonsiblc for it, arc mostly in (he spinal cord. 

This process may go w rong. Our lo\ver jaw has 
a \ery powerful muscle to shut it, and a weaker 
one to open it. When we want to open it we not 
only contract the weak one but relax the strong 
one. Ho\\cver, in tetanus, strychnine poisoning, 
and some otlier conditions, the mechanism goes 
wrong. The nervous impulses which should inhibit 
the neurones which arc signalling to (he Jaw¬ 
shutting muscle do not do so; they make them more 
active than before. The more one desires to open 
one's mouth, (he more tightly one shuts it. Both 
the opening and shutting muscles arc pulling 
against one another. The latter is the stronger, 
and :vins. That is why tetanus is called lockjaw. 

Every war leaves a number of unfortunate men 
and women whose neivous systems have been 
divided, .so that one can study what one part does 
without the other. If the spinal cord is divided in 
the middle of the back, the legs and belly are in¬ 
sensitive and cannot be moved voluntarily. No 
messages run between them and the brain. But 
the severed part of the spinal cord can carry out 
reflexes. If one scratches such a man’s foot it is 
pulled up, though he knows nothing about it. 
Perhaps the most familiar reflex carried out by 
the spinal cord is the scratch reflex which one can 
get in most dogs by tickling their back or flanks. 
The hind leg moves rapidly but seldom reaches 
the exact site of the tickling. 

In the same way the lower parts of the brain 
can carry on such activities as breathing, swallow¬ 
ing, and temperature control when the upper parts 
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arc out of action. By a careful study of the eifcc ls 
of injury and disease one can determine the func¬ 
tions of the higher centres, which arc more dc\ c]- 
oped in man than in other animals. The result is 
at first sight surprising. One might expect tliar 
wlien a part of the brain was destroyed a group of 
muscles would cease to act. This may happen, 
but they may become over-active. In some forms 
of paralysis the leg muscles arc permanentiv con¬ 
tracted in the standing posture. In fact the ordinar\' 
reflex involved in standing has got out of controh 
In other diseases of the brain the patient cannot 
keep still. Indeed a moderate tremor of the Iiaiuls 
is quite common in old people. 

Where the higher parts of the brain are working 
properly they can do one of three things: They 
can inhibit the rcflc.xes \vhich the lower pans 
would otherwise carry out; they can let them go on 
tinder control; or, finally, they can set musculai 
movements going without reference to the lower 
levels. But even then much of the “staff work”, for 
example, the loosening of one muscle in the arm 
as another lightens, is done quite unconsciously b\ 
groups of nerve cells in the spinal cord. A great 
deal of our normal activity is simply the guiding 
of reflex actions by the upper parts of the brain. 
If you arc just tickling your dog, he lets the scratch 
reflex look after itscK. If a flea worries him, he 
takes control of it and scratches accurately. It 
you arc walking on flat ground, you do not think 
about it; each step is a reflex in response to nervous 
impulses from your legs and feet of which you are 
unconscious. But on very rough ground you take 
conscious control of these reflexes, 
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riu' relations betueen the diffcreni parts of the 
biain, of wliosc activity we are conscious, is very 
similar. The surface of the brain can be stimulated 
electrically in a fully conscious man. This causes 
\ arious sensations and involuntary movements, 
but it ne\cr causes pain. The parts of the brain 
conceined witli pain and the more primiti\’e 
emotions such as rage are well below the surface. 
A large part of right conduct consists in inliibiting 
tlic activities of these parts when desirable, and in 
letting them go when desirable. We often have to 
control our sc.xual emotions, but there arc times 
when we quite rightly give them their head. Other¬ 
wise the human race would come to an end. W'c 
often ha\c to suppress rage, but controlled anger 
is n most potent weapon against injustice. 

The relations between the diiTcrem conscious 
pans of our brain is not fundamentally difl'crent 
from that between a conscious and an unconscious 
part, as, for instance, when a swimmer or a singer 
controls his breathing. It is a general rule that so 
long as rcflc.xcs go on smoothiy we are not con- 
.scious of them. As soon as there is any conflict 
we become conscious and exercise a choice. For 
c.vamplc, we chew and swallow automatically till 
we come on a Iiard lump dr a fislibone which re¬ 
quires .special action. Even highly skilled work 
becomes atitomatic with practice. Consciousness 
and will are switched on when anything goes wrong 
with the routine. We can only begin to under¬ 
stand our nervous systems if wc realise that a certain 
amount of struggle between its different pearls is 
not only usual, but absolutely normal and neces- 
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work from a study of the cyo. \Vc probaljly know 
more about liu: eye than any otlicr oigan in ihe 
body, because it is the only organ at whose \vorking 
parts we can look wiihoui a surgical operation. 

So far as its optical arrangements go, it is not 
unlike a photographic camera. The cornea, the 
transparent window which bulges out at the front, 
docs most of the focusing. However, the adjust¬ 
ment for changes of distance is made by the lens 
which lies behind the iris, as the browii or blue 
ring around the pupil is called. Man and other 
mammals, and also birds and many reptiles, alter 
their focus by squec/ing the lens, which is made 
of an clastic gristly material, into a dincrent shape, 
liui fish do so by pulling their lens backwards and 
forwards. It would be interesting to know whcthci 
the designers of the first cameras liad taken hints 
from the study offish eyes. 

The most striking differences from a camera arc 
that llic sensitive film, instead of being Hat, is con¬ 
cave towards the light, and that e\'cn a single eye 
can sec over a far wider field than most cameras 
can photograph. 
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As an optical instrumcni. tlie eye has many 
defects as compared ^\ilh a good camera. But it 
has two overwhelming advantages; it can repair 
small injuries; and its sensitive him will not only 
last for a century if need be, but can be adaj^ted 
lo different intensities of Hgln. One reason for this 
is very simple. Men liave known a little optics for 
several thousand y^ears, and a great deal for 250 
years. Chemistry was only put on a rational basis 
by Dalton a little over a century ago, and we are 
only just Ijeginning to understand the chemistry 
of photography. A hundred years hence it may be 
possible to use the same plate a million limes, and 
to use it for snapshots in gaslight and starlight. 
Tliis is how we do actually use the retina, the sensi- 
li\'e him at the back of each eve. 

_ f 

Each retina consists of millions of sensitive cells 
and nerve cells linked up ^vith them. There are 
two kinds of sensitive cell, the cones which serve 
for the coloured vision of ordinary^ life, and the 
rods which arc used for the colourless vision of 
almost complete darkness. There arc about ten 
thousand cones in a square millimetre of retina, 
and this sets a limit to the smallness of objects we 
can distinguish. If the images of two bright points 
I’all on the same cone, wc cannot distinguish them 
however good (he focusing. 

Now if we wore trying lo make a model of the 
CM', our sensitive screen would consist of manv 
thousands of pholo-clcctric cells, each producing 
a current along a particular wire when illuminated. 
In this ^vay we could transmit a series of pictures 
to a distance, though it would be a very' cumbrous 
apparatus. But that is not iiow a sense organ 






workb. riic activity oi each part depend'i nut only 
on the light falling on it, but on what has happened 
to it in the past, and on what its neighbours an 


doing. 

This bchaviom is quite characteristic ol sense 
organs. Everyone kno^^s that if one puts the right 
hand in hot water and the left in cold ^vatcr for a 


fe^^ minutes, and then puls both in lukewarm 
water, it will feel cold to tlic right hand and lioi 
to the left. 


One cannot do this with the eye, because ili»' 
different jjarts of the retina influence one anotln r. 
But one can take two men, one of whom has been 


in a coal mine and the other in bright sunlight, 
into the same dimly lighted room. The miner >vill 
be almost dazzled, the man from sunlight ^ill 
hardly be able to see. 

The different parts of the retina inliuence one 
another. The same piece of grey paper appears 
white on a black ground and almost black on a 
white one. And white seems yellowish on a blue 
ground, but bluish on a yellow one. Careful cx- 
)crimcnts have shown that the processes which 
ead to such contrasting effects take place largely 
in the retina, and not in the brain. For it is possible 
to place an electrode on the eye, and to measure 
the electrical potential produced by the retina 
when a light is turned on or off. 

In fact our sense organs are adapted for the pur¬ 
poses of ordinary life rather than for scientific 
observations. The eye exaggerates differences ol 
hue or intensity in such a way as to help us to pick 
things out from their background. With the number 
of nerve fibres available only a certain number of 
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messages can be sent per second. It is much more 
useful to be able to distinguish slight differences of 
iigiil intensity tlian to measure absolute intensities. 
The latter would only be useful if we always lived 
in rooms with the same illumination and no shadows. 

Our other sense organs behave in much the same 
way. After half an hour in an almost completely 
soundproof room one hears the sound of one’s own 
heart very distinctly. And one soon gets accustomed 
to the most intense smells, or sewermen would go 
mad. As a consequence, the senses tell us about 
matter in relation to us rather than about matter 
as suclp This is why the scientific account of the 
world is at first sight so strange. A thermometer 
gives a better estimate of the temperature of w ater 
than our lingers because it is little affected by its 
own past, and not at all by other thermometers. 
This does not mean that we must distrust our 
senses. A\ e have no other source of information 
about the world. It means that we must realise 
that our sense organs are not machines: in fact 
they arc better than machines in some ways and 
worse in others. 

It also means that each sense organ can be used 
best for any particular purpose under certain con¬ 
ditions. Different classes of ^\•ork demand different 
illuminations. A night fighter pilot must start off 
“dark adapted”, so he must w^ear dark .glasses 
until he starts off. A compositor needs a strong 
light. 

A better knowledge of the physiology of our 
sense organs would not only help us to undci'stand 
the wprld better. It ^vouIcl save us a vast amoiml 
of fatigue and accidents. 
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W’E U^iUALLY i>FJw\K 01 I J\ L Si .N\shh, .NAMJ LV SlGll i . 

hearing, taste, smell, and touch. This list goes 
back to Aristotle, and is badly out ol date. 

The work of physiologists during the last hundred 
years shows that the skin alone is responsible for 
at least five distinct kinds of sensation, namely 
touch, pressure, cold, heat, and pain. Besides these 
the internal ear originates sensations which tell 
us which ^^'ay up we are, whether we are rising 
or falling, and whether we arc turning round. The 
muscles, tendons, and joints give us sensations 
about our movements and postures. This last 
class of sensations do not bulk very large in our 
consciousness, but they are immensely important 
for skilled work. If the muscle sensations are lost 
through disease or injury, one cannot do fine 
movements, even though the skin sensations re¬ 
main, and the muscles can exert as great force as 
before. 

Marx j)articularly stressed that wc learn about 
the w'orld by .acting on it. In this sort of learning 
the muscular sense is, of course, very important. 
However, it is hard to investigate, because the 
sensory organs lie deep in our limbs and trunk, so 
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it is clillirult to find out. for example, the relative 
importance of muscles, tendons, and joints in per¬ 
ceiving movement. 

But it is quite possible to stimulate a small area 
of skin, report the sensations caused, and then, 
if desired, to rut it out, stain it, and examine it 
^\'ith a microscope to sec what kinds of sense organs 
and nei ve fibres it contains. Two British anatom¬ 
ists, ^\oolIard and Weddell, have done important 
work on these lines in recent years. The skin of our 
fingers is richly supplied with nerve fibres and 
sense organs, and generally gives us rather detailed 
and rich sensations. But other areas, such as the 
thigh, ha\ c a much poorer set of sense organs. It 
is easy to find sjjots on the thigh which will give 
sensations of warmth only, or cold only, and not 
very hard to find areas which are insensitive to 
light touch. The temperature sense is perhaps the 
easiest to investigate. The organs giving rise to 
the sensation of w'arinth, called the organs of 
Ruflini after the man who first described them but 
did not discover their function, are only stimulated 
by heat. The corresponding organs for cold, the 
bulbs of Krause, lie nearer the surface, and are 
set off by cold or great heat. 

The result is curious. If one puts one’s finger 
into very hot water one may feel a sensation of 
cold before one feels w^armth. And as the tempera¬ 
ture of water inpeases, one notices first the sensation 
of warmth, which is a pure one, then heat, which 
is a mixture of the cold and warm sensations. 
Later on pain becomes noticeable, until it finally 
masks the other feelings. That is what happens 
wlien a large area of skin is heated. But if one 
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Stimulates an isolated cold s])oL with a thin hot 
metal rod one may get sensations of cold without 
any feeling of warmth. 

riiere are at least three dilleient sets of sense 
organs for touch, those called Meissner's corpuscles 
and Merkel’s discs near the surface, and also organs 
round the hair roots which tell us when the hairs 
are bent. And fairly deep under the skin are the 
Pacinian corpuscles which give sensations of pres¬ 
sure. They arc the largest of the skin sense organs, 
btil are only a millimetre long. By injecting cocaine 
into the skin, by cooling it, and by other sinhlai 
means, it is possible to deaden the sensibility of 
one set of organs and not another, and thus to 
demonstrate how complicated is our sense of touch. 

Finally there arc two sets of nen c endings whose 
stimulation causes pain, one close to the surface, 
and responsible for “fast pain”, another deeiicr 
one which is not so rapidly excited. Pain is certainly 
a .special kind of sensation, and not nccessarih 
unpleasant in small doses, as everyone knows who 
has taken a long walk or played a game of football. 

Several different nci've fibres arc connected to 
one group of end organs, for example, a cold spot 
or a net round a hair root, and one nerve fibre 
usually branches and supplies several end organs. 
As a result .we get a fairly fine discrimination of 
the place and intensity of sensation. \Vhen a nerve 
has been cut or crushed there is no feeling in the 
skin supplied by it for some weeks or months. 
\Vhen it grows again, the supply of nerve fibres 
to the skin is at first low. So each fibre has to ser\’e 
a considerable area of skin without any ovcrlaji 
between the areas served by different fibres. Con- 
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sccjucnily. although one knows that the skin is 
being touclu'd one cannot pul one’s finger on the 
exac t place. Also since each sense organ is scr\ eel 
b) onl)' one fibre the sensation is not graded, and 
is of a harsh and unpleasant character. This re¬ 
mains for life if the nerve docs not regenerate 
properly, I have two skin areas \\ith this type of 
sensation, one \\here a nerve in my arm was cut 
by a shell splinter in igij, and one where a nerve 

was damagccl during a diving experi¬ 
ment in 1910. Hundreds of thousands of other 
mounded men have similar areas. 

The messages along the nerves from the \anous 
sense organs in the skin, of^vhich there are probably 
the best part of a million, arc sorted out and re¬ 
layed in the central part of the nervous system, 
and these processes may go wrong. So may their 
interpretation in the brain. For example, a man 
with a brain injury from a shell or bomb splinter 
in the region concerned with hand sensation may 
be as sensiti^'e as ever to light touch, and e\ en as 
capable as before of telling ^vllclher he is touched 
at one or two places. But he may be unable to 
tell a penny from a matchbox held in his hand. 

In consequence a careful study of skin sensation 
can tell a great deal about injuries both to the 
nerves and to the spinal cord or brain, and may 
give a surgeon indications as to where to operate. 
It is interesting to note that it was employed for 
another purpose in the Middle Ages. If a spot 
could be found on a woman where she felt no iJain 
she was liable to be burned as a witch. We know 
that a number of the people so killed in England 
^verc sufferers from nervous diseases \vhich made 
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them produce such contortions and grimaces that 
they were believed to be possessed b> the de\’il. 
One of the pedigrees of Huntington's cliorca in the 
United States has been traced back to a woman 
burned as a witch in Sufiblk in the sixteenth 
century. 

Mr. C. S. Lewis is now trying to revive the belief 
in witch-craft and demoniacal possession. If he 
succeeds, perhaps \\c. shall start such practices 
again. They would be a pleasing accompanimcni 
of a British brand of fascism, no more cruel or 
iirational llian things which were being done in 
Germany a few’ years ago. 

\Vc must always be on guard against revivals of 
superstition. E\cti a knowledge ol' the ners e end¬ 
ings in the skin may be needed as a weapon against 
such a revival. 
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I SUPPOSE MORE NONSENSE IS WRIITEN ABOUT HOR- 

mones and the glands which make them than about 
any other branch of physiology. A hormone is a sub¬ 
stance produced by one organ of the body, and regu¬ 
lating the activity of another part or parts. Some 
of the hormones, such as adrenaline, arc fairly 
simjDle chemical substances, and can be made syn¬ 
thetically. Others are very complicated, and though 
they have been got fairly pure, we do not know their 
exact composition, much less how to make them. 

All the hormones are needed for complete health, 
but so far as we know only two or three are ab¬ 
solutely essential for life. Besides producing ferments 
lor digestion, our pancreas or sweet-bread makes 
a protein called insulin without which we cannot 
use sugar. In its absence the kidneys rapidly get 
rid of the unwanted sugar in our blood, and we 
Avaste away with diabetes. Too much insulin is 
even more fatal than too little. If we inject an 
overdose into a man, the liver takes up the sugar 
in his blood, the brain goes short, and after feeling 
extremely hungry, he dies in convulsions. Probably 
eveiy cell in the body needs insulin, but it is so 
important to have just the right amount that it 
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pays us to have it made in one place, unclci' ilie 
control of the nervous system. 

Another essential hormone is that of the para¬ 
thyroid glands in the neck, which controls tlic 
amount of lime in the blood. With loo little, the 
lime falls, and wc get peculiar muscular spasms. 
.\pparcntly the bones take the lime otii of the 
blood. \Vith too much, the bones beein to dissolve 
and the blood lime rises. Either can be fatal. 

The outer pans of the adrenal glands siiuaicd 
near the kidneys secrete several hormones. One of 
them controls the movements of salt in our bodies 
as insulin controls that of sugar. A man in whom 
it is not being produced can sometimes be kept 
alive if given an ounce or more of salt per day. 
Otherwise he dies. 

The thyroid gland in the neck produces a hoi- 
monc called thyro.xinc which increases the rale of 
oxidation in the body above what would otherwise 
be the basal level. Without it one becomes fat, 
sluggish, and more or less idiotic. With loo much 
one becomes tliin and jumpy, with rapid pulse and 
other symptoms, and may die. A simple experi¬ 
ment shows how accurately the activity of this 
gland is regulated. Occasionally a man’s thyroid 
gland has to be removed for cancer or .some other 
reason. We know how much of the hormone he 
must be given every day to keep him in health. 
\Ne can give this amount, or anything less, to an 
ordinary healthy man, and nothing whatever 
happens. His tliyroid gland simply stops putting 
thyroxine into his blood, and the level is unaltered, 
but if we give him much more than the standard 
daily dose, his oxygen consumption when at rest 



goes up, and he is quite ili at the end of a fortnight. 

Ihc testicles in men, and the ovaries in women 
produce liormoncs which are responsible for most 
of the changes such as the gro\\ th of the beard and 
()1 tiic breasts, which occur at puberty. A second 
lemalc hormone, progesterone, is produced right 
i llirough pregnancy, and for a pan of each monthly 
jl cycle. 

The organ wliich produces more hormones than 
any other is the pituitary gland lying in a little 
hollow in the skull under the brain. Its products 
regulate, among other things, growth, sugar utili¬ 
sation, the secretion of milk, and the activity of the 
thyroid, adrenals, ovaries, and testicles. ' These 
latter organs grow larger and become functional 
at puberty because they arc stimulated by one of 
the hormones from the pituitaiy. The production 
oi this hormone in turn is delicately regulated. 

If one thinks mechanistically about' the body it 
IS natural to suppose that by injecting testosterone 
the testicular hormone, into a male animal, one 
could make him more virile, as one can certainly 
make a castrated animal grow and bcliavc like 
a normal male by injecting it. But the effect is the 
opposite. The pituitary regulates its output of the 
gonad-stimulating hormone so as to keep the level 
of testosterone in the blood steady. If it is artificially 
raised above the standard level, the pituitary shuts 
down, and instead of the male becoming more 
virile, he becomes sterile. 

Ill a similar way anotlicr of the pituitary hor¬ 
mones concerned in gro\ytli acts as an antagonist 
to insulin, and one which controls the thyroid 
gland is shut off by an excess of thyroxine. The 
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more wc learn about ourselves the more \vc find 

\ any structure or function is 
due to the balance between two opposing processes. 
In fact every physiologist has to think dialccticall\ 
about his own subject, howexcr undialcctically he 
may think about politics or economics. And 
although wc now know a lot about the hormones, 
wc merely make people ill if wc ir\ to use them 
mechanistically. I have no doubt that in future 
they will be very imj>ortant in medicine, hut wc 
shall have to find out exactly how much to use in 
each particular case. Only a few of them, notably 
insulin and thyroxine, aie of any great medical 
yalne so far, aiul a good deal of “hormone therapy " 
is useless or dangerous as well as c.xpcnsive. 

Some hormones have a very rapid action, and 
their production is switched on and off quickly. 
One such is adrenaline, produced by the central 
part of the adrenal gland dm ing emotion and cxcr- 
ci.se. It stiniulaie.s the heart, and helps to switch 
the blood into the muscles where it is needed. 
Another liormonc makes one sleepy, and is prob¬ 
ably concerned in normal sleep. Ihii most of them 
lake .some hours or even days to act. 

To sura tip, the hormonc.s arc important agents 
in linking up the activities of different organ.s. stt 
liiat our bodi^ work as a whole. Bui any attempt 
to use them like so much lubricating oil, as if our 
bodies were mere machines, is as likely to kill us 
as to cure us. 
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so FAR I HAVK WRim-N NOTHING ABOUT GROWTH. 

This is an extremely fascinating story, because the 
whole development of a human being from a 
single cell to an adult depends on the different 
growth rates of difl'ercnt parts. For example, when 
you were about three months old, that is to say 
six months before you were born, you had no arms 
or legs, though you had a head, a body, and a tail. 
Then the ceUs at four points on your trunk began 
(0 divide quicker than their neighbours, and your 
limbs appeared as buds. Later on the growth of 
your tail slowed down, and it was finally covered 
up by the haunches. It is still there, as one can 
sec on examining a skeleton. Since you were born 
your liead has not grown a great deal. Your trunk 
lias grown considerably more, and your arms and 
legs more again. If all the parts of a baby grew 
equall)' it would develop into a monster with a 
huge head and stumpy limbs. 

But things are different in other animals. A 
calf or a foal has longer legs, relative to its body, 
than a cow or a horse. This means that its legs 
grow more slowly than its trunk. It is easy to sec 
that this is an advantage to an animal which has 
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to run when a lew days old. The puzzle is to find 
out how the advantage is achieved. 

If you are adult, the cells are only dividing m 
a few parts of you. Your skin, including the hair 
and nails, is constantly being made al'resh. So arc 
the linings of internal organs such as the bowels. 
And so are the cells in the blood. It be 

thought that other parts had lost the power of 
giowth. But this is not so, \ou can heal a cut, 
not only in your .skin, but in most internal organs. 
Broken bones will mend, thougii not quite so 
quickly m adults as in young children. 

\ ou may form a wart, either on the skin or inside 
you. rinally some group ol' cells may start unre- 
stucted growth, and begin to migrate into other 
organs. Unless they can all be remo\cd by the 
suigeon or killed with X-rays or radium, this means 
tJiat you will die of canter. The problem ol cancer 
will be much ncarei solution w'hen we line! out 
why most cells stop growing when they do, and 
how grow th is regulated so that each part of a baby 

^ produce the normal 

adult form. We know a little about this, partly 
horn expennicnts on cgg.s of frogs, newts, and 
other animals in which it is easy to interfere with 
the noirnal process. We knotv, for example, that 
some of the cells ol the embryonic skin transform 
themselves into a nerv^ous system because of chemi¬ 
cal substances produced by the underlying organs. 
If certain substances are injected under the skin 
of a developing newt’s egg, it will develop two 
nervous systems. We also know that the rapid 
multiplication of cells which occurs when a wound 
18 healing is due in part at least to chemical sub- 
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M.uiccs produced by cells uliich have died in the 
licighbourhoud ol' the wound. It is not controlled 
l)y l)ic nciAous system, for wounds heal in a limb 
whose nerves liavc been cut. At the present time 
I am working on one little corner of this problem, 
namely, how best to calculate the relative growth 
rates of two organs, say die hind leg and body of 
a calf, from a scries of measurements. 

Unfortunately the only people who study human 
physiology systematically arc medical students, 
and all the books on it are written for them. I 
Ijclieve that everyone should learn some human 
anatomy and physiology for se\ eral reasons. First 
of all, because without it we cannot understand 
fust aid or hygiene, of which everyone should 
know something. Secondly, because it is the most 
obvious approach to biology. Why should children 
study trees and insects before they have studied 
themselves? 

Thirdly, this knowledge is apt to be a monopoly 
of the medical profession, and monopoly in know¬ 
ledge is as bad as monopoly in production. I have 
great confidence in medicine, out I certainly do 
liot want to see doctors usurping the place in 
society w'hich ^vas occupied by priests in the Middle 
Ages. And the attitude of some doctors towards 
the public health service reminds me a little too 
strongl)^ of the attitude of the clergy six hundred 
years ago. 

Fourthly, we all have to learn about the physi¬ 
ology of reproduction when we grow up. Much 
of w-hat we learn is superstition, and dirty super¬ 
stition at that. Special school lessons on this subject 
arc unsatisfactory. But w'c can learn it as part of 
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a gcn<iral study ol our bodies and minds. A b.iln > 
growth before and after it is born arc part of the 
same piocess. \\ c ought to be able to discuss one 
as easily as the other, and above all to lake as much 
care of a baby before its birth as afterw ards. 

Finally, the study of ourseKcs is a \aiuable 
introduction to a philosophical \icw- of science 
Hardly anyone really believes that he or she is a 
machine. Vet there is a sense in which we arc 
machines, and an equally important one in which 
\vc arc not. The French materialists of tlie eigh¬ 
teenth century, such as Diderot aiul La Mettric 
were quite correct in many ol ilieir statements, 
ludeed ill some ways wc arc even more machines 
(him ilicy icaliscfl. «iu they look a \ciy oiic-sidod 
view of many questions, llcj-el, and most academic 
pliilosophers, W'cnt too iar the other w'ay. Alarv 
and Ills colleague lingels tried to combine wlial 
was true in the meehanistic and idealistic views. 
And although their philosophy is based on the 
science of eighty years ago, and therefore needs 
to be brought up to date in places, it is still an 
immensely valuable. guide to the understanding 

of sciences, particularly of those which deal with 
life. 
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I AM NOl GOING l O ANbWLR I HIS ^U£:illON. IN l ACl, 

1 doubt if it will ever be possible to give a full 
answer, because wc know what it feels like to be 
alive, just as we know what redness, or pain, or 
cflbrt are. So we cannot describe them in terms 
of anything else. But it is not a foolish question 
to ask, because wc often want to know whether a 
man is alive or not, and when we are dealing \vith 
the microscopic agents of disease, it is clear enough 
that bacteria are alive, but far from clear whether 
viruses, such as those w'hich cause measles and 
smallpox, are so. 

So we have to iiy to describe life in terms of 
something else, even if the description is quite in¬ 
complete. We might try some such expression as 
“the influence of spirit on matter”. But this would 
be of little use for several reasons. For one thing, 
even if you are sure that man, and e\'cn dogs, have 
spirits, it needs a lot of faith to find a spirit in an 
oyster or a potato. For another thing, such a defini¬ 
tion would certainly cover great works of art, or 
books which clearly show their author’s mind, and 
go on influencing readers long after he is dead. 
Similarly, it is no good trying to define life in terms 
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of'a life force. George Bcniaid Shau and Professor 
C. E. M. Joad think tlierc is a life force in living 
things. But if this has any meaning, whicli I 
doubt, you can only detect the life force in an 
animal or plant by its cflects on matter. So ue 
should have to define life in terms of matter. In 
ordinaiy life we recognise living things partly by 
their shape and texture. But these do not change 
for some horn's after death. In the case of mammals 
and birds we arc sure they are dead if tiic> are cold. 

This test will not work on a frog or a snail. W e 
lake it that they are dead if they will not mo\ e 
when touched. But in the case of a plant the only 
obvious lest is whether it will grow, and this ma\ 
lake months to find out. All these tests agree in 
using some kind of motion or change as the criterion 
of life, for heat is only irregular motion of atoms. 
They also agree in being physical rather than 
chemical tests. There is no doubt, I think, that we 
can learn a lot more about life from a chemical 
than from a physical approach. This does not 
mean that life has been fully explained in terms 
of chemistry. It does mean that it is a pattern of 
chemical rather than physical events. Perhaps 1 
can make this clear by an example. 

Suppose a blind man and a deaf man both go 
to performances of Macbeth and of Alexander Nei^sky. 
The deaf man will understand little of the play. 
He will not know Duncan was murdered, let alone 
who did it. The blind man will miss far less. The 
essential part of Shakespeare’s plays arc the words. 
But with the film it will be the other way round. 

What is common to all life is the chemical events. 
And these arc extraordinarily similar in very 




UJIAT Llli.? 


<Iiircrcnl ori^.iinsms. \Vc niay say that life is essen¬ 
tially a pattern of ehcntical happenings, and lliat 
in addition there is some buihling of a charaetcr- 
islic shape in almost all li\ ing things, characteristie 
inotion in most animals, and feeling and purpose 
in some of them. The chemical make-up of dilfcr- 
ent living things is very din'erent. A tree consists 
largely of wood, which is not \ ery like any of the 
constituents of a man, though rather like a stuff 
called glycogen which is part of most, if not all. 
of out organs. But llic chemical clianges whicli 
go on in the leaves, bark, and roots of a tree, 
particularly the roots, are surprisingly like those 
which go on in human organs. The roots need 


oxygen just as a man does, and ) ou can see whether 
a root is alive, just as you can see \vhcthcr a dog is 
alive, by measuring the amount of oxygen \vhich 
it consumes per minute. And the oxygen is usetl 
in the same kinds of chemical processes, w'hich 
may roughly be described as controlled burning 
of foodstuHs at a low temperature. Under ordinal )' 
circumstances oxygen docs not combine with sugar 
unless both arc heated. It does so in almost all 
living things through the agency of what are called 
enzymes. Most of llic o.xygen which we use has 
lirsi to unite with an enzyme consisting mainly 
of protein, but containing a little iron. Warburg 
discovered this in yeast in 1924. In 1926 I did some 
rather rough experiments which showed the same, 
or \cry nearly the same, enzyme in green plants, 
moths, and rats. Since then it has been found in 


a great variety of living things. 

Just the same is true for other processes. A potato 
makes sugar into starch and your liver makes it 
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into ghcogcu by subslaiUialh- ibr -.imr process. 
Most of the steps b\- u iiich sugar is broken (iown in 
alcoholic fermcnlaiion and nuiscnlar coiuiaction 
arc the same. And so on. I’lic end results oftiicsc 
processes arc, of roiirse, very differcnl. A factor> 
may switch over from making bren guns to making 
sewing machines or bicycles without \orv great 
changes, .Similarly the chemical j)roccsscs by wliich 
an insect makes its skin and a snail its slime are 
very similar, ihongli the products diJfcr grcatlw 

In fact, all life is characterised b) a fundamen¬ 
tally similar set of chemical processes arranged in 
very different patterns. Tims, animals use np 
foocislufis, while most plants make them. Hut in 
both plants and animals the building up and 
breaking down arc both going on all the time. TIic 
balance is different. 

Engels said that life was the mode of e.xistcncc 
oi proteins (the word which he used is often trans¬ 
lated as ‘‘albuminous substances"). This is true 
in so far as all en/.ymes seem to be proteins. And 
it is true in so far as the fundamental similarity 
of all living things is a chemical one. But enzymes 
and other proteims can be purified and will carry 
on tlicir characteristic activities in glass bottles. 
And no biochemist would say they were alive. 

In the same way Shakespeare’s plays consist 
of words, whereas words arc a very small part of 
Eisenstcin’s films. It is important to know this, as 
it is important to know that life consists of chemical 
processes. But the arrangement of the words is 
even more important than the words themselves. 
And in the same way life is a pattern of chemical 
processes. 
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riiis ]>atLcrn lias special properlies. It begets a 
similar pattern, as a flame docs, but it regulates 
itself as a flame does not except to a slight extent. 
And, of course, it has many otlier peculiarities. So 
w hen \vc ha\ c said that life is a pattern of chemical 
processes, \\ c ha\ c said something true and impor¬ 
tant. It is practically important because we arc 
at last learning how to control some of them, and 
the first fruits of this knowledge arc practical in- 
\ emions like the use of sulphonamides, penicillin, 
and streptomycin. 

But to suppose that one can describe life fully 
on liicse lines is to attempt to reduce it to mechan¬ 
ism, which I believe to be impossible. On the 
other hand, to say that life does not consist of 
rlteniical pioccsses is to my mind as futile and 
untrue as to say that poetry does not consist of 
w’ords. 
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HEREDITY AND ENVIRONMENT 
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VVGENICS 


I AM CONSTAN'l'LY IJKIN’G ATTArKi:!) J ROM 1U U >-ll>l.S 

for my slatcmcnts on ihc quesiion of cm^enics, aiui 
slill more for statements which I am alleged to 
ha\'e made. So I think it is worth wlnle slating 
iny own views, if only as a basis for discussion. 

Extreme “cugrnists” say that since it is known 
ilmt some people start life with a hereditary handicap, 
every possible step should be taken to prevent 
more such ])cople being born, and any opposition 
to such steps is cither mere sentimentalism, or per¬ 
haps the result of orders from Moscow. Others say 
that any recognition of inherited (lifTerenccs be¬ 
tween human beings labels me as a fascist. Once 
you admit that there are such difrcrences, I am 
told, you justify Hitler’s policy against the Jew.s, 
Poles, and Ukrainians, not to mention the numer¬ 
ous Germans who were murdered in the name of 
racial hygiene. 

Now let us take a concrete ease. About one male 
baby in ten thousand is born with haemophilia, 
a condition in which the blood will not clot. 
Haemophilics usually bleed to death, and their 
average length of life is eighteen years. No cure is 
known, though various treatments can check 
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bleeding to sonic extent. The disease is very 
sd ongly inherited. The children of haemophilics 
arc normal, and the sons do not transmit it; but 
if we count sufficient numbers, half the sons of 
haemophilics’ daughters are hacmopliilics, and 
half the daughters’ daughters pass it on in the 
same way. The condition would in time be abol¬ 
ished by natural selection if it did not keep on re¬ 
curring from unknown causes. Each recurrence 
can start a new pedigree of the disease. It is no 
good saying that its occurrence is due to bad con¬ 
ditions, since it occurs in all social classes, including 
royalty. If it is due to bad conditions, no one 
knows what they are. I would agree with negative 
cugenists that haemophilics .should not have child¬ 
ren, and I think their daughters should probabh’ 
not have them cither. But that does not mean 
that I think they or their daughters ought to be 
sterilised. (For one tiling, such an operation 
would often kill a haemophilic.) 

Once you make sterilisation legal for one reason 
it is likely to be used for others, for example, on 
people whom the Government regards as mentally 
or morally subnormal. I think it is far more danger¬ 
ous to the community that children should be 
brought up with a bias towards being financiers 
than that they should be born with a bias towards 
mental defect. I am not in favour of sterilising 
either defectives or financiers, but if I had to choose 
it would be the financiers who would first be de¬ 
prived of opportunities to reproduce. 

I know that as a matter of fact people with serious 
hereditary diseases do abstain from parenthood 
to a very large extent when the facts are explained 
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to them, and the more people imdci bland these 
facts the more will this be so. In fact, education will 
do a \'ery great deal do cut down the transmission 
of such diseases. 


“But what about mental defect-*'’ 1 am asked. 
“Surely wc should sterilise mental defectives, as we 
can’t educate them not to have children.” I don't 
agree. I don't think mental defectives should have 


children. This is not because mental defect is strongly 
inherited. It is not. Of 345 Birmingham children 
one or both of whose parents were defectives, only 
seven and a hall per cent, were at special schools 
or reported for special school examination. Another 
eighteen and a half per cent, were backward. A 
few weie even above the average. An equally 
important reason is that a mentally defective 
mother or father cannot bring children up properly; 
though I would sooner see children reared by 
a decent mental defective than by a mother who 
taught them to be shoplifters or prostitutes. 

Many mental defectives arc tvell looked after 
by their families, and can do unskilled work, so 
that they are no great burden on the community. 
Where this is not possible they should be sent to 
institutions, in some of which at least they are 
quite well treated. No one who can do steady and 
useful work should be classed as a mental defective, 
even if he or she cannot read. Anyone who cannot 
^vork had better be taken off the labour market 
until we have got rid of unemployment for good. 
When that time comes, and there are so many jobs 
that we even need defectives to do them, it will 
be time to talk about letting them out and sterilising 
them. 
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I lK»pc, iha.1 ilic example of the Nazis 

\vill be enough to keep us from adopting this 
)>iaclicc for at least a generation to come. By that 
time Britain will, 1 hope, be a socialist country, 
and ihosc who arc studying the question will ha\ e 
found out a great deal more about the origin of 
mental defect. It seems quite likely that some 
kinds only arise when a particular type of man 
has children by a particular type of woman. If 
this turns out to be true, future parliaments may 
think it right to forbid such unions, as we forbid 
those of brothers and sisters. 

I am dchnitely in favour ol' eugenics Avhen two 
conditions are fulfilled. One is that we should 
know a great deal more than we yet do about human 
heredity. The other is that class distinctions should 
have been abolished, so that eugenics cannot be 
used as an excuse for persecuting people of whom 
the ruling class disapproves. I am quite convinced 
that (here arc inborn differences betw’een human 
beings, for example, tliat no amount of education 
could ha\c made me as musical as most of my 
leaders. For I inherited a very “bad ear”, from 
my mother. I also believe that at least nine people 
out of ten have enough inborn ability to be really 
good at some useful work or other. . And I believe 
that these differences are deter-mined by heredity, 
which does not mean necessarily handed down 
from parent to cJiild. 



A DISCUSSION AT PRINCI.JON 


I WAS ONF OF FIVF HIOLOUlSlS I.N\iIF]j FV 

tiiiicetoii Uxu\cisii) to a tlirc'c days' discussion, 
^yi^ich was a part of die celebration oi tlie Uni\ cr- 
sity s bicentenary. Its object ^\as to bring together 
men who were studying evolution from iwo difl'er- 
ent angles. The palaeontologists study the changes 
which have taken place in time, Ibr example, the 
differences between die bones and teeth of modern 
horses, asses, and zebras, and those of their ances¬ 
tors in the Pliocene jieiiod before the great Ice 
Ages. The geneticists study the nature of the 
differences between different elosely related animals 
and plants, for example, between fish in Mexican 
rivers which clearly belong to different species, 
and rarely hybridise in nature, but yet are near 
enough to give fertile hybrids in captivity, so that 

one can see how the differences between the species 
are determined. 

compare the Princeton conference 
with a conference in which liistorians were brought 
together with students of contemporary economics 
and politics. But the comparison is not quite fair 
because we know a good deal about the economics 
of even l\\ o thousand yeai's ago, for example, the 
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prices of corn, copper, and slaves in terms of gold 
in ancient Rome. And we certainly do not know, 
though we can often guess, what were the selective 
advantages or disadvantages of a particular detail 
of tooth shape in horses or elephants ten million 
years ago. 

Nevertheless such meetings are now more worth 
while than they were twenty years ago, for several 
reasons. The palaeontologists have ample records 
of some species. They can say how much the teeth 
varied in a population of extinct horses all buried 
in the same quicksand, and whetlier the change in 
tooth form found in horses buried a million years 
later could have been due to selection ol the varia¬ 
tions in a particular direction. Darwin believed 
that they could, though he had practically no 
knowledge of variation in extinct animals. The 
e\’idence which ^ve can now bring from the study 
of variation in tbssils strongly supports Darwiirs 
theory, though, of course, a very great deal more 
evidence is needed, just as we need more evidence 
to support or counter the Marxist explanation of 
change in prehistoric human societies. 

The conference began with a review of the 
methods which have been used to date various 
rocks. By far the best evidence is from the amounts 
of lead formed by the transformation of the ele¬ 
ments in radioactive minerals. The main difficulty 
is that radioactive rocks are generally igneous, 
formed by volcanoes or in the molten depths of 
the earth, while fossils are mostly found in sedi¬ 
mentary rocks, laid down by water. So only a 
few fossils are really accurately dated. However, 
we know that the age of great reptiles came to an 
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end, and mammals became the dominant land 
animals, about se\’enty million years ago, whereas 
the earliest vertebrate fossils, of primitive jawless 
armoured fish, were formed a little over four 
hundred million years before our time; and some 
other dates, such as that at which our ancestors 
came out of the water, are also pretty well known. 

One striking conclusion was liic very uneven 
rate of development in different groups. Some 
shellfish have remained practical!) unahcicd for 
four hundred million years, down to the details 
of the attachment ol tlic muscles for closing and 
opening the shells, and pulling in parts which pro¬ 
ject outside them. In the same time the vertebrates 
have evolved from Jawless fish to men, hoofed 
mammals, carnivores, birds, and all the huge range 
of vertebrate forms. Even such a relatively ad¬ 
vanced animal as the opossum lias stayed put for 
seventy million years, ilierc is no inevitable law 
of progress. One cannot help thinking of the law 
of the uneven development of capitalism, but as 
there are many more families of animals than 
Capitalist Slates, the evidence is c\en more im¬ 
pressive. 

Darwin called his great book 7 //r Orighi ofSpecin. 

But it is now clcai' that we have to cxj)Iain two 

processes. TIic first is a change 

in a whole population such as the increase in iIic 

length of the molar teeth of ancestral horses which 

enabled them to clicw grass, a process whicli would 

have worn down their short-toothed tree-browsing 

ancestors’ teeth in a year or so. 

The other is the divi.sion of one ancestral species 

into two or more, such as wild horses, wild asses, 

!• 
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and various kinds of zebra. These iwo processes 
arc quite distinct. Probably a majority of the con¬ 
ference thouglil that a species never, or very rarely, 
splits up in the same habitat. Horses and zebras 
evolved from a common ancestor in different 
countries. Although there may be a good deal of 
\'ariation in colour and structure between members 
of a species living together, this rarely seems to 
reach the stage of splitting a species in two. On 
the other hand quite a small geographical barrier, 
such as a \allcy between two mountain ranges, 
may cause a species to split into two new ones 
which after some thousands of years arc unable to 
crossonc with another. The Californian botanists arc 
siud) ing a number of plant species in the making, 
because in this part of the United States there arc 
many fertile areas separated by desert since tlic 
lee Ages, and big differences have arisen in the 
last twenty thousand years, whereas, except for a 
few mountain plants, this has not happened else¬ 
where in the United Slates within the same time. 

On the other hand, the industrial areas of Europe 
offer the most striking examples of changes in 
poptilaiions in response to changed environments, 
notably the dc\’clopmcnt of hereditary black vari¬ 
eties of moths in the black countries of England 
and Germany. 

The geneticists stressed the belief that evolution 
could be explained in terms of known causes, and 
\vithout any supernatural intervention. They 
also pointed out that evolution was the result of 
struggle, not merely a “struggle for life” between 
individuals, but a struggle between opposing pro¬ 
cesses, such as mutation which tends to make a 
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species variable, and scleciion ^\llich reduce \ 

bility. In fact, some of ihcm talked good dialectical 
materialism without knowing it. 

\\c also saw extremely interesting specimens, 
including tiic fragmentary skulls of the giant ape- 
men from Java and China. As few of their other 
bones arc prcscr\-cd wc do not knou- their si7(' 
exactly. But tlic fact that their skulls were an inch 
thick is sulTicicntly imprcssi\c. Thc\ were built for 
lighting rather than iliinking. IVo'hably the most 
VtiliMblc result of such a conlrrcnce is ihe inter- 

change of inibrmation and opinions on points of 
detail. 


Dianks to the war, Briiish and -American people 
understand one another less than ihcv did un 
vears ago. 'I hese misimdc -standings mav lie 
disastrous to the world. A few hundred meetings 
where workers in dillerem occupations met their 

niiuh to hridge the 
gap. i\ow that the C.l.O.. and the A.KI.., aie 
eommg together, fralet nal relations between British 
ancl ./Xincncan unions slionld become easier, aiul 
1 \ci) mueh hope that other workers will *rcl 
together, as seimtilic workers arc beginning to do. 
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1 HAVE HAD A NUMBER OF LETTERS ASKING MY VIEWS 

on how children should be taught the facts about 
human reproduction. I answer with great diCIf- 
dence, because I have no j^raclical experience of 
Teaching children, though I lecture to university 
students on various topics connected with sex. 

To my mind there arc several things wrong with 
our attitude to this problem. Some of them arise 
from the fact that sexual relations arc used as a 
means of exploitation. The e-xploitation may be 
gross and obvious, as in prostitution, or more or 
less veiled, as when a husband expects his wife to 
do a sixteen-hour day in the house, or a flapper 
vamps sweets from a )’oung man. These will dis¬ 
appear to a large extent with socialism, provided 
that it includes complete economic equality of the 
sexes, as in the Soviet Union, and that the principle 
of the wage for the job applies to household ^vork. 

But that is not the whole story. In all kinds of 
human societies there is an emotional attitude to 
sexual relations which makes their rational dis¬ 
cussion very difficult. They are generally mixed 
up with religion, but even where this is not so it 
is \'ery hard to discuss them without being cither 
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scnliniciUal oi’ diM\. I'hcrc is, ]io\vc\ci', one sel 
of people who manage this to a considerable ex¬ 
tent, namely professional biologists. Sex is onl\ 
one of a number of biological functions, and not 
the most interesting one lor most of us. We are 
ns interested in a snail's peculiar method of storing 
sugar as in its peculiar habit of pushing a spike 
into its mate, in the secretion ol' a man's liver or 
thyroid gland as in those of his testicles. In our 
conversation we pass from one of these topics to 
another \\ithout difliculiy, tvhcihcr or not we an 
all of the same sex. In .such an aiinosplu'ic it is 
at least more likely that one will discover what is 
right and what is wrong in human sexual relations 
than in an atmosphere of shame, joking, or senti¬ 
mentalism. 

Children can be got into tlic frame of mind b> 
teaching them biology. But it must be a real 
biology, the study of living plants and animals, 
including man. School biology consists mainly 
of anatomy, along with experiments on plants. 
It could include a great deal of human physiolog\ 
and anatomy. Obviously you cannot expect 
children to dissect a corpse, or to do experiments 
on one another involving careful chemical analysis 
or complicated electrical measurements. 

But every secondary school should have a 
.skeleton, and a model showing the more important 
organs of the body; and quite a number of experi¬ 
ments are easy. For example, one can demonstrate 
such reflex actions as the contraction of the pupil 
when a light is shone on it, and the increase of the 
pul.se rate with exercise. It is a little harder, but 
quite interesting, to work out which muscles arc 
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(oiu crnccl in vat ious kinds of work, and to measure 
the force which they exert. In fact, you can accus¬ 
tom people to regard tlieir bodies as things to be 
studied, like steam engines, French irregular verbs, 
or rivers. 

I he anatomy and jihysiology of human repro¬ 
duction would fu natuially into such a coui-se of 
study. It is most important tliat it should not be 
taught separately, and should not be kept till the 
end of the course as a special mbit. Similarly 
\cnercal diseases should be desciab^ along with 
other ailments. At some point an account would 
have to be given of intercourse, which, like eating, 
begins with voluntary acts, and ends in a reflex as 
involuntary as swallowing. It can then be pointed 
out that reflexes can be conditioned, and that the 
conditioning ol sexual reflexes is a large part of 
sexual morality. 

The biggest difficulty is that children must be 
Y taught these things before they are ready for 
'V marriage or even love-making. Practice and theory 
jiinust be separated to some extent. But more can 
be done to unite them than many people think. 
A doctor of my acquaintance believes that women 
should know what to expect, and therefore took 
both his daughters in their teens to see a baby 
born. It was born under good hospital conditions, 
with an analgesic, that is to say a drug which 
damped efown the mother’s pain without making 
lier unconscious. One of the girls alarmed her 
father considerably by her determination to have 
a baby herself as soon as possible. When she had 
one, you may be sure that she insisted on using 
the resources of science to the fullest extent to help 
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die baby and herself, and uas a good deal less 
frightened than many mothers. 

Some people will say that education of this kind 
would undermine the basis of morality. The basis 
I of morality is regard for your neighbours and your- 
! self. You cannot act rightly unless you kno\v what 
j you are doing and what arc the probable consc- 
i qucnces of your acts. Others will say that if you 
take the mystery out of love you will lose its de¬ 
light. On the contrary, I appreciate spring colours 
more, not less, because I know the chemical nature 
of the pigments which make young leaves yellower 
than mature ones. I should ap]:)rcciatc music 
better if I knew more musical theory. It is the same 
with love. But I do not suppose for a moment that 
such proposals as my own will be accepted in a 
hurry. Opposition to such a spread of knowledge 
is not only religious. As Milton put it, writing on 
divorce just 300 years ago. “The greatest burden 
in the world is superstition, not only of Cere¬ 
monies in the Church, but of imaginary and scare¬ 
crow sins at home.” 

However, I think that we ought to have some 
ideal before us in this matter, so that we can work 
towards it. 
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WE JAKE SEX FOR GRANI'F.D, BECAUSE MOST OE JIIE 

animals wliicli wc know best have two separate 
sexes. But a number of quite familiar animals, 
such as the snail and earthworm, are hermaphro¬ 
dites, combining the two sexes. So, of course, are 
most plants. A few animal species such as stick 
insects and some woodlice. consist of females 
only. 

\Vhy arc two sexes needed? It is perfectly true 
that in most animal species, including our own, 
the female cannot normally breed without the 
help of a male. But it is quite easy to get several 
species of insects, such as the silkworm moth, to 
breed without males. And it is fairly easy to get 
unfertilised frogs’ eggs to develop by chemical 
or mechanical means, while one author claims 


to ha\’e produced young from \irgin rabbits, 
though there is a case for suspending judgment till 
his work has been repeated. Anyway in the course 
of e\olution many species have done away with 
the male sex or with the separation of the sexes, 
so one may fairly ask what is their value, and why 
arc there generally two sexes in animals. 

There are probably two different reasons. In- 
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breeding seems to be harmful to a great many 
kinds of living things. Darwin was the first to do 
accurate experiments on this matter. He compared 
the vigour of plants produced by cross-fertilisation 
and self-fertilisation, and found that the former were 
generally larger and healthier. This has been con¬ 
firmed in a great many animals and plants. Some¬ 
times inbreeding (whether by self-fertilisation or 
the union of close relatives) produces abnormality, 
slow growth, and sterility. This would be the 
case with human beings if incestuous unions were 
allowed. 

It is gcncralK said that the ancient Egyptian 
kings married their sisters. Actually they usually 
had several wives, some being unrelated and one 
being a half sister, that is to say a daughter of their 
father by a different mother. This was a far less 
serious matter than a union with a whole sister, 
since new ‘'blood” was constantly brought into 
the royal family. 

\Vith some animals, such as mice and guinea 
pigs, mating of whole brothers and sisters can go on 
for thirty or more generations without any great 
harm. Hut even licrc there is almost always a great 
increase in vigour and fertility once an outcross 
is made. Prolonged inbreeding of this sort always 
leads to a very uniform population. For example, 
if one member of a line of inbred mice has brown 
hair with a white belt, all of them will resemble 
it in a high degree. So inbreeding can be and is 
used to fix any character in domestic animals 
which the breeder desires. 

Outbreeding has also the great advantage that 
it allows the recombination of different desirable 
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c liaiacicrs. l or example, if one race of wheat is 
resistant to frost, and another to the mould called 


rust, tlic first cross between them will probably 
not combine these characters; but they will be 
combined in some of the progeny in the next 


generation. 


Thus occasional outcrossing speeds up either 
artificial or natural selection. The American 


biologist, Wright, believes that evolution occurs 
most quickly when a species is divided up into 
a number of small groups, each usually breeding 
^vilh itself, but occasionally crossing with another 
group. This enables many different combinations 
of characters to be tried, but gives a chance for 
exchange of characters between those types Nvhich 
succeed. Thus the division of a species into two 
sexes is useful because it allows recombination of 


this kind. 


I have recently read several Nazi books on 
biology. They all appear to assume that racial 
mixture is a bad thing, and many of them state that 
the Germans should aim to become uniformly fair- 
haired, blue-eyed, tall, narrow-headed, and alike 
in all other respects. Such an ideal would, I think, 
be fatal to any people which realised it. 

The importance of inborn characters has been 
greatly exaggerated. However, they do exist. I 
do not think that any amount of training would 
have made me a musician or a sprinter, though I 
have some inborn aptitude for mathematics and 
weight lifting. To meet the many different calls 
of life, it is surely desirable that a people should 
have a fair diversity of natural talents. If it had 
been the destiny of the Germans to order the rest 
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of nidiikiiul ul)(.)uns 1 fuU'r i. ihcic* niiulii 
have been some point in Iia\ing ihein all 
alike. Bui foriunaicly thc\- arc not going lo be 
a master race. They arc going to have to work 
at a great inany diflerciu jobs, and it will be 
a good thing if they are born widi diflerciu 
aj)titudes. 

It may well be that dilFcrcnt races, espcciallv 
those whose ancestors have lived in one spot lor 
ages, differ in their inborn abilities to a slight 
extent, each being adapted lo its own way ol'life. 
This has been used as an argument against unions 
betw'cen difTcrent races. It is a bad argument, 
because modern men and women live in utterly 
new environments, and have to face iiew tasks. 
If the people of India arc better capable than the 
British of standing great heat, a little Indian 
ancestry might be vciy useful for a British coal 
miner in any of our deeper pits. 

No race has ever lived in an cn\ironmeni like 
a modern city, and perhaps different races may 
contribute different qualities needed in city dwel¬ 
lers. 

We do not know cnougli about ourselves to 
answer such questions with anything like certainty, 
even on the oiological, let alone the social, le\'cl. 
So far as concerns culture it certainly seems desir¬ 
able that small nations, such as the Scottish, Irish, 
and Welsh, and even groims which cannot be called 
national, such as the Cornish, Manxmen, and 
Scottish Highlanders, should preserve their owm 
traditions and w'ays of life, so far as they arc com¬ 
patible with modern methods of production. But 
it is also undesirable that any nation should shut 
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itself ofl' from the world, and inevitable and riglu 
that in a great city like London or Glasgow, men 
and women of many nations should mix. So far 
as can bo seen at present, the same thing is desiral)lo 
from a l^iological ];>oint of view. 



THE EGG AND THE CHICKEN 


ACCORDING TO ‘‘l HI. BRAINS TRUST BOOK”, THE 

most frequently asked question was ‘W hich came 
first, the chicken or ilie egg?” The fact that it is 
still asked proves either that many people ha\e 
never been taught the theory of evolution, or tliat 
they don’t believe it. 

For the answer is quite clearly “The Egg”. If 
by “chicken” you mean the young of our domestic 
poultry, poultry were descended from other birds 
which laid eggs, and, at whatever point you choose 
to draw the line, the first chicken came out of an 
<^'88;) and this egg came out of something which was 
not quite a chicken. If by “chicken” you mean 
any young bird, then there is no serious doubt that 
birds are descended from egg-laying reptiles, and 
the answer is therefore the same. This is so even 
though, if we liad specimens of all the ancestors 
of a living bird species, we probably should not 
know where to draw the line. The earliest bird¬ 
like animals whose fossils are known had teeth, 
long bony tails, and a line of flight feathers between 
their front and hind limbs. They probably glided 
like the Australian “flying” phalanger, and it is 
doubtful if they could fly in the ordinary .sense of 
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ihc word. So they nia>' not deserve the name of 

birds. 

Some reader nta) a.sk wiiy 1 am so certain. 'Flic 
answer is that a seientilie theory” becomes certain 
in propoi'tion to the luimljer of times when an 
experiment or an ol)scr\ation might have dis- 
pro\ed it, and lias not done so. Now tlic theory 
orcvoinlion consists of two jjarls. One part is the 
. t ^ namch' that existing animals 

are tlescendcd from ancestors unlike thcmscKcs, 
but that the changes in a single generation have 
nc\cr been \cry great. The second part of the 
tJicory deals with the causes of evolution; for 
cxamjjle, Darwin thouglu (and I agree with him) 
that natural selection was the main cause. A great 
man)' lines ol c\olmion arc well established by 
the study of fossils. \\ c ha\ c a \’ery good genealogy 
of the horse, a lair one ol man, and a very poor 
one o( birds. Tew birds get fo.ssilised, as the acid 
.soil produced by decaying leaves in a forest do¬ 
st toys bones; and most birds live, and probably 
li\ed, in forests. Iio\vc\'cr, the broad lines of 
descent arc so clear that e\olution ^vould at once 
be disprov ed ii the skeleton of a man, a horse, or 
a bird were discovered imbedded in a coal scam. 
In case any practical joker wishes to claim that he 
has Ibund one (here, I may add that bones from 
the coal measures arc impregnated with vegetable 
material, and a fake would at once be detected. 

On the other hand it is not so certain how and 
why evolution occurred. A few able students of 
cv'olution think that natural selection was not the 
main force behind it, and adojjt Lamarck’s explan¬ 
ation or some other. Many more biologists sus- 
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pend judgment. The situation in iiuiuan liisioiy 
is much ilic same. It is quite certain that the 
English annexed the Gold Coast. Marxists tliink 
the reasons for iliis were economic, but they arc 
prepared to argue with people who say the nioti\'c 
was a desire for glory, or a wish to spread civilisation 
or Christianit)' in Africa. It is no use arguing with 
a person who says that the Gold Coast is inde¬ 
pendent, or belongs to Brazil. 

I have chosen a very simple cxamjjle of a question 
whicli appeared insoluble before we had our present 
knowledge of c\'olution. r'linhcr ad\anccs in 
science will answer other questions which seem 
insoluble at present. For example, if the views on 
the evolution of the stars which iMilnc and I arc 
propounding at present turn out to be right, a 
lot of ancient difncuhics al)oui time and si^acc 
will \'anish. But this liicory will ha\ c to be checked, 
as the tlicory o( c\'oluiion has been checked l)\ 
a study of fossils. And the cliccking w ill take dec¬ 
ades, or more probably centuries.' 'i’hc detailed 
consequences will Iiave to be worked out, and 
astronomers w'ill Iiave to look for facts which would 
disprove the ihcoiy if it is wrong. 

Engels, and also some non-socialist thinkers, 
such a.s \\ . K. Cliflbrd, saw' that evolution cleared 
up many more important problems than that o( 
the egg and the chicken. For example, people 
still speak of eternal values, or eternal law's of 
morality. There is nothing eternal about the pro- 
Inbition of stealing. Less than a million years ago 
our ancestors had nothing w'hich could be called 
property. They did not store food, use tools, or 
wear clothes. In the remote future there may be 
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no private property, either because all useful things 
will be made in such quantities that we shall no 
more want them for private use than we now 
want air or sunlight, or because the feeling of human 
brotherhood will be so strong that we shall take 
common ownership of everything as a matter of 
course. 

Again evolution makes idealism much more dilfi- 
cult. If I were the only sentient being in the world 
there would be no way of deciding whether things 
were really there, or only in my mind. I am not 
sure if there would be any sense in the question. 
The fact that many people can see and feel the 
same mountain makes it much harder to believe 
that the mountain is nothing but an idea, a per¬ 
manent possibility of sensation, or something of 
that kind. 

But the theory of evolution and the geologieal 
record make it reasonably certain that there were 
mountains long before there were any animals, 
let alone human beings, to be aware of them, and 
Engels regarded this as one of the strongest argu¬ 
ments against idealism. 

In fact, a belief in evolution should inlluence our 
thought on almost, if not quite all, subjects. Its 
importance for communists can be judged from 
two facts. Marx tvanted to dedicate Capital to 
Darwin. Stalin was sacked from a theological 
seminary for reading Darwin*s works. 



THE ORIGIN or THE VERTEBRATES 


iUE MALN OUTLINLS OF i'lIE HISTORY OF THE EVOLL- 

tion of vertebrate animals, including man, in the last 
lour hundred million years, are now pretty clear. 
There are plenty of gaps to fill in. 

We don’t know the exact details of our own 
ancestry. The bones of a lot of animals \vhose 
form was roughly intermediate between those of 
a man and a gorilla have been found in Asia and 
/^Urica. Some of them used tools, so ihev can be 
classed as men. We do not yet know ivliich of 
them, if any, were our ancestois. W’c shan't know 

slow rT, “"d can trace 

Slow changes in die form of the bones and teeth 

ancestors of modern horses! 

donkeys, and zebras. 

There are still greater gaps in the rsmoter past. 
However, the following stages in human ancestry are 
quite clear. Four hundred million years ago our 

out fow” fishf with- 

^aws ‘'>^y developed 

ja\\s and fins. Later they came out of the water 

but still waddled like newts without raising their 

they managed to stand up on four legs, but were 
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Still csscMUially loptilcs. 1 licy next developed hair 
and started to bring forth their young alive. The 
fossil record does not enable us to say when they 
became warm-blooded or started suckling their 
young. In the last fifty million years they became 
expert climbers and their brains enlarged very 
notably. Several million years ago they lost their 
tails, and a million or so years ago they came down 
from the trees and stalled walking on their hind 
legs, and using their hands to hold things, and 
later to make tools. 

But the ancestry of the lirsl \ertebrates was 
^v'rapped in mysteiy. There are two groups of 
living invertebrates which are somewhat like the 
vertebrates in their plan, though they look very 
unlike them. But a careful study of their anatomy 
and development shows the likeness, just as it 
shows that a snake is more closely related to a 
lizard, and an eel to a cod, than a snake or an eel 
arc related to one another, though the outward 
shapes of a snake and an eel are similar. 

One of these groups is the ascidians or sea- 
squirts. Most of them live attached to rocks in the 
sea, but some of them start life as a sort of tadpole, 
and there is little doubt of their relationsliip. The 
other group includes a curious sea worm called 
Balanoglossus and a polyp called Rhabdopleura which 
lives in branching colonics that look rather like 
plants. They are thought to be related because of 
similarities both in their structure and in their 
early development; but a few zoologists doubt 
the relationship. Still more remotely related are 
the echinoderms such as starfish and sea-urchins. 
When adult they have a fi\'e-fold radial symmetry 
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like primroses or apple blossom, iiui ihc> grow 
from bilaterally symmetrical cmbr>os like ver¬ 
tebrates. And the chemical processes Nvhich go 
on when some of them contract their muscles are 
like those in vertebrates, and unlike those in molluscs 
and insects. 

Qiiite recently White, of the Natural History 
AXuscum, lias described a fossil called Jamojlius 
from the Scottisli Silurian. This w as a soft-bodieu 
animal with few or no bones, about seven inches 
long. It had no jaw's and no paired fins, but a 
pair of large eyes. At hist sight it might perhaps be 
laken for a worm. However, a glance shows that 
it was a primitive vertebrate or, rather, choidatc. 
somew'herc between the lampreys and the lancelet, 
which is a headless sand-burrowing, fish-like animal, 
rhere were already fishes at the time when Jamoj- 
lius Ii\ cd, so it can no more have been one of oui 
ancestors than can any of the monkeys alive to-day. 
But, like the monkeys, it gives a fair idea of what 
our ancestors were like. This remarkable fossil 
was acquired by the Natural History Museum in 
1914, and has only now been described. The delay 
was partly due to the fact that methods of study 
have been greatly improved in the last generation, 
but largely because palaeontology is veiy much 
neglected in Britain, and its museums grossly 
understaffed. One can imagine what would have 
been said about the neglect of pure science in the 
Soviet Union had such a delay occurred there. 
But it does not occur, because of the large number 
of palaeontologists who have been trained since 
the revolution, and the general interest taken in 
science. 
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Another palaeoiiiological discovery which throws 
new hght on vertebrate origins was made by Koz- 
^wski in Poland, and confirmed by Bulman in 
Britain. Among die commonest fossils in the rocks 
beUveen the Cambrian and the coal measures are 
what aie called grapiolites. They have a great 
variety of shapes, some like feathers, some with 
elaborate branches, and were clearly made by 
numerous litde polyps which reproduced by bud¬ 
ding but did not separate. They were usually thought 
to have been something like horny corals, floating, 
or more rarely attached to the bottom or to plants, 
but when their skeletons are dissolved out of lime¬ 
stone ivith acid, and studied under a microscope, 
they turn out to be very like the living Rhabdo- 
jHeura, and therefore related to the vertebrates. 

Now evolution may take place in several differ¬ 
ent ivays. A descendant may add on a new stage 
to the de\clopment of its ancestors. Thus many 
beetles pass through a stage with a long flexible 
, ratlicr like <in iidult earwig, but later develop 
a relatively shorter belly, homy wing cases, and so 
on. riiere is little doubt that the ancestors of 
beetles were something like eanvigs. 

But evolution may occur in another way, which 
Dc Beer calls “clandestine e\oIution'*. An animal 
may de\elop peculiar larval or embryonic stages, 
sucli as the caterpillar stage of moths, or 
tile underwater stages of mosquitos and dragon¬ 
flies. And then it may slow do^\m its bodily develop¬ 
ment or speed up its sexual maturity so that it 
never reaches the former adult stage, and may 
later develop along quite new lines. This is what 
man has done. Our heads are much more like 
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the heads of baby or even unborn monkeys, than 
those of adult monkeys. The seams or sutures in 
a monkey’s skull close soon after birth. Ours do 
not close till we are twenty or more years old, so 
our brains can go on growing. A gorilla is born 
with no thick hair except on the head. We mostly 
remain at this stage. On the other hand our hands 
and heels have developed on human lines, beyond 
those of any ape. 

It is quite possible that our vcr>' remote ancestors 
were attached to the sea bottom or floated about 
in colonies. It is perhaps more likely that at a 
certain stage our ancestors remained motile while 
closely related animals attached themselves to 
the bottom. But if you think it is a ridiculous idea 
(hat your ancestors were ever sessile animals, it 
IS worth while remembering that vou voursclf 
spent most of the first nine months of your life 
before your birth attached to the end of a stalk 
and drawing nourishment through it. It may be 
a century' before enough fossils have been studied 
to make it .sure how the vertebrates originated, ns 
It IS sure to-day that mammals arose from reptiles. 
But enough facts arc known to make a guess possible! 
And some of the wilder guesses of scientists a century 
ago arc to-day acknowledged trulhs which ser\r 
as a basis for practice. 



UNEVEN DEVELOPMENT 


S'lUlJLNTS or HISTORY ARE SOMETIMES SURPRISED 

that the first Slate to achieve socialism was not one 
of the technically and politically advanced coun¬ 
tries such as Britain, Holland, the U.S.A., or France, 
but the former Russian Empire, which was both 
technically and politically backward. And critics 
blame socialism for many of the respects in which 
the Soviet Union is still behind Britain, for example, 
the lower average productivity per man-hour, 
or per acre in agriculture, and the lack of various 
amenities. 

A student of animal c\olution finds nothing 
surprising in this fact. The course of animal 
evolution has been, on the whole, uneven. When 
a great step forward is made, it is seldom made by 
thc advanced members of a group, but by rather 
primitive ones. Of course, organic and political 
evolution arc very different, because the latter is 
partly conscious, and proceeds in part by imitation. 
Thus during the nineteenth century most European 
countries set up parliaments on the English model, 
although very- possibly some other democratic 
machinery would have been more useful. 

But conscious imitation plays no part in evolu- 
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tion. Men do not yet know how to coiuiol their 
evolution, still less do other animals. Tlie faci 
that, say, the mole has become adapted to burrow¬ 
ing, will not cause the rat to dewelop similar adajj- 

tations. On the coiUrar\. as the mole is well 

0 ' 

adapted for hunting earthworms underground, 
another animal would have a poor chance ol' 
developing on similar lines, owing to competition 
by moles. On the other hand the example of 
Britain induced other countries to set up parlia¬ 
mentary governments, an<I the example of the 
So\iet Union will lead other countries to adopt 
socialism. In spite of this fundamental difference, 
llierc are certain analogies between organic and 
social evolution. 

In Devonian times, when tlie Old Red Sand¬ 
stone was formed, there were a number of groups 
of fishes, .some of which are now extinct. The 
group whicli has since been most successful had 
just started. Its fins arc flat, like birds' wings, 
supported by a number of rays, whereas the (ins 
corresponding to arms and legs in the older groups 
have a core of flesh and bone or cartilage. The 
fish which came out of the water at this time, and 
which were our ancestors, belonged to one of the 
older and unspecialiscd groups. They were not 
so well streamlined as modern fish, and their 
fins were more easily convertible into limbs. 
Probably, too, their swim bladders had not been 
so .specialised for floating as those of many modern 
fish, and they could use them for lungs, as a few- 
fish still do. 

The amphibians which w'crc descended from 
them were much more like fish than arc the modern 
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amphibians such as frogs and newts; and long 

3cfoie they had specialised, some of them evolved 

into reptiles. The first reptiles, in the upper coal 

measuip, were very clumsy compared to their 

descendants, and could not lift their bellies off 
(he ground. 

In the next period, the Permian, some of the 
icptjles had already begun to evolve towards 
mammals, and during most of the Mesozoic era 
w hich lasted at least a hundred million years, the 
land and sea were dominated by reptiles. Some 
ol the ^nosaurs rvere \ery large. Some flew like 
bats. Others stood on their hind legs, or went 
back to the sea like \\’hales. They were obviously 
the most highly developed animals of their time 
Ihroughout this huge stretch of time our ancestors 
ime animals usually of about the shape and size 
of 1 ats, and showed no signs of future distinction, 
though they may have developed warm blood and 
gi\ cn up laying hard-shcllcd eggs. 

In the Cretaceous period, when the chalk was 
lormed, most of the great reptilian stocks died out 
nobody knows why, and the mammals, the class 
to which we belong, became dominant. Once 
more, most of them specialised. Some developed 
hoofs and grinding teeth, and became tlie ancestors 
ol deer, cattle, camels, horses, and so on. Others 
specialised for gnawing, like the rats and squirrels 
or for hunting, like the wolves, lions, and weasels’ 
Uthers went in for more extreme specialisation, 
^vhIch culminated in Iiighly modified forms such 
as bats, whales, moles, and antealers. 

Our own ancestors were among the least special¬ 
ised. Ihcy went in for tree climbing, and kept all 
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their fingers and toes, instead of losing some, like 

the hoofed animals and the carnivores. They kept 

most of their teeth, and did not specialise them 

like the horse or dog. They even kept their tails 

until fairly recently. In consequence when our 

ancestors began to walk on their hind legs they had 

a fore limb which could become an organ of skill. 

A dog or a hoi-se might conceivably learn to speak 

since they certainly understand our speech to 

some extent, but could not develop anything like 
a hand. 

In fact, in animals the development to a new 
evolutionary stage generally starts in a fairly un- 
spccialised and piimitive member of an advanced 
group. The same is perhaps true of States. Rome 
was a rather backward member of the group of 
Mediterranean city States and was probably able 
to absorb or conquer the others because they had 
developed a rigid class structure too early. 

England was on the edge of medieval Europe, 
and was feudalised later and less completely than 
trance and Germany. So wc were able to build 
capitalism ahead of tlic other nations. Russia was 
again on the edge of capitalist Europe, and had not 
passed over completely from feudalism to capital- 
ism. Tins made the Socialist Revolution easier 
than it otherwise would have been, because in any 
case a revolution was needed to end feudalism. 
In 17S9 the French took over some Bnlish, and 
still more American, ideas on democracy, and 
began a new and great era in their countiy’s 
lustoiy. If we are not afraid of applying the ideas 
current in the Soviet Union to our own aflairs, 
wc, too, have a splendid future before us. 



CREATIVE MUTATION 


IX mis ARTICLl- I SHALL TRY TO DESCRIBE A VERY 

fvinclaiTiental piece of research which has just been 
published in Sweden, and which will certainly be 
imitated in all countries where agriculture is 
l^ractiscd scicntihcalh. 

In 1927 Muller jjublished his discovery that 
X-rays enormously increase the frequency of 
mutation. For this and other discoveries he has 
been awarded the Nobel prize for medicine. Let 
us sec what this discovery means. Heritable 
characters arc determined by units in the cells. 
These units arc called genes and arc copied each 
time the cell divides. If the two parents contribute 
different genes, then when the hybrids arc mated 
together, many new contributions arc possible. 
Thus from a white long-haired or Angora rabbit 
and a black short-haired, we shall certainly get 
both long and short hair, both black and white, 
and perhaps other colour, in the second generation 
if we breed enough, including new combinations 
such as black Angora. 

If this were the whole story, as the early workers 
on Mendelism thought, one could never get any¬ 
thing but various combinations of the genes which 
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one put ill. It is not the ^\•hoIc story. Once in 
several million times the gene-copying process goes 
wrong, and a new type of gene comes into being. 
This event, which is called mutation, generates a 
new character which can then be combined wiih 
othei'S. Thus the short-haired “re.\”rabbit and the 
'Spencer’’type of Sweet Pea were due to mutations, 
and were combined with various colours as desired. 

Muller found that in flies he could speed up 
mutation several hundred times by means of X- 
ravs. Most of the mutants were less healthv and 
fertile than the normal; while a few \serc diffcrcni 
but no worse, at least under laboratory conditions. 

Stadlcr applied the same technique to mai/e. 
but the products have not yet been of practical 
value. Gustafsson in Sweden has at last got results 
of practical importance in barley. He subjected 
seeds to high doses of X-rays, grew them, and then 
found abnormal types in the progeny of the plants 
from the X-rayed seeds. Hundreds of thousands 
of plants were grown, and among them were 
several thousand mutants. Most of these were 
cither more or less sterile, or else white-lea\cd 
plants which did not grow at all, or pale-leavcci 
ones wliich grew poorI\. For c\'cry twenty such 
l>alc mutants he found about forty sterile plants, 
one with a change in shape or size, anti one with 
a physiological change, such as earlier or later 
rij)cning, or higher or lower yield of seeds. The 
large majority of these new forms gave worse yields 
than the narenls, a few were as good, a very few were 
better. Gustafsson thinks that about one mutant 
in seven hundred is of any real value in agriculture. 

How'cver, at least ten superior strains were raised, 
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The most striking one arose in a barley wliich 
gives the highest yields of any Swedish type, and 
which breeders had vainly tried to improve during 
fifteen years. Now Gustafsson has got a mutant 
with a ten per cent, higher yield. Other types have 
stiffer straw or ripen earlier, and it should be pos¬ 
sible to combine these characters with higher yield. 
Whether this will mean cheaper beer and higher 
agricultural wages in Sweden or only higher rents 
and profits, is for the Swedish to determine. 

'I he most interesting case for biologists was a 
yellowish-leaved mutant wliich gave a yield ten 
per cent, below the mother type in southern Sweden. 
But six hundred miles farther north it gave a 
twenty-five percent, higher yield. It appears to be 
adapted to the long days of an Arctic summer, 
and strikingly bears out the view held by man)- 
students of evolution that even apparently un¬ 
favourable variations may be of great value to a 
species by enabling it to extend its range. 

In the long run Gustafsson's most important 
discovery may be that he can control the direction 
of mutation to some extent. He obtained mutations 
of rather different types according as he used his 
X-rays on dr)' or wet seeds. He is now working- 
on a large scale to find out under what conditions 
mutants with increased vitality are produced. 
This may seem a big task. But it is perhaps worth 
mentioning that Gustafsson is a poet as well as 
a biologist. Now one of the essential qualifications 
of a poet is that he must not be afraid of making 
a Ibol of himself If he is afraid, he will probabU’ 
turn out second-rate imitations of the work of 
poets of earlier generations. The same (Qualifications 
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are very necessary if one is to make any great advance 
in science. So Gustafsson may fail completely. But he 
may discover something of fundamental importance 
both for agricultural and for theoretical biology. 

Valuable results have also been obtained with 
flax. It is very much harder to produce much 
change in wheat, because most of our wheats 
have three sets of chromosomes in each pollen 
grain instead of only one, and if a gene is only 
changed in one set, this has little effect on the plant. 
However, a beginning has been made. As earl>' 
1935 Sapehin in the Soviet Union had obtained 
a number of mutants in wheat with X-rays and 
stated that this method was becoming valuable. 
Unfortunately no results of held trials have been 
published as yet. It may well be that the stations 
where his mutants were being tested were all 
overrun by the Germans. It may be that results 
will yet be published. Only in Apnl of 1946 the 
Moscow Academy of Sciences published a work 
on a similar question by Graziansky, who was 
killed in the battle of Leningrad in 1941. 

No economic results from such work have been 
published in Britain. Our lives may depend on 
the productivity of out crops in the future, but in 
research of this kind we are a long w'ay behind 
countries such as the United States, the Soviet 
Union, and Sweden, ^vherc it is less urgentl)’ 
needed. Plants improved by these methods 
in foreign countries arc of little use in Britain. 
And it takes ten years or so to produce new varieties 
of agricultural plants, test them, and distribute tlie 
seed. So unless such work is started now, our 
children may be hungr)' in i960. 
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\VL HAVL ALL HAD TO LEARN A GOOD DEAL 01 

liuman geography in connection with the war; 
and ^ve certainly need it ifwc are to follow the new 
boundaries being created in the world. For example, 
we need to know that before the war there was a 
certain boundary between the States of Italy and 
Yugoslavia, and another different boundary be¬ 
tween districts where most people spoke Italian, 
and those where most people spoke one of the 
Yugoslav languages. These boundaries between 
peoples sometimes run along natural lines such as 
mountain ranges, branches of the sea like the 
Straits of Dover, or great rivers like the Danube 
or Rhine. Sometimes they have no relation to 
natural obstacles. 

\Ve are apt to say that this is a product of human 
stupidity, and is in some way unnatural. But just 
the same is true of animals. Eveiy species of wild 
animal lives in a certain area, and not outside it. 

The area may be a \'ery large one; but this is 
generally because the animal in question follows 
men, like the mouse or the housefly. However, 
some genuinely wild animals have a very wide 
lange. For example, the common fox lives in 

too 
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Europe, Liberia, Canada, and the norlhcrn L’liiled 
States, and though the foxes of Britain and Labra- 
<lor, at the l^vo ends of the range, differ, lhc> 
probably belong to the same species. Or a species 
may be confined to a single small island, as some 
tortoises both in the Pacific and Indian Oceans; 
or in the ease offish, to a single lake or river. There 
are probably less than two million species of ani¬ 
mal, and some day I hope all their distributions 
will be mapped. But already we can find some 
regularities. If we consider land mammals, that 
is to say warm-blooded animals which suckle their 
young, there arc none in Antarctica apart from seals, 
and the one rat in New Zealand probably came 
in a canoe. Those of Australia and New Guinea 
are quite distinct from those of the rest of the world. 
A few lay eggs like the duck-billed platypus. The 
others are marsupials like the kangaroo and wom¬ 
bat, and bear tiny cmbr>'os which grow up in a 
pouch. The baby of a large kangaroo is only as 
big as a bean. There arc a few marsupials in 
America, but all the higher mammals in Australia, 
except bats and possibly some rats, were brought 
by men. 

Madagascar and South America have animal 
populations decidedly different from the rest of 
the world, though not so different as Australia. 
Madagascar specialises in lemurs, and South 
America in sloths, armadillos, and anteaters, and 
in tail-less rodents like the guinea pig, some of which 
are quite large grazers, and take the place in nature 
which is occupied by small deer in other continents. 

The rest of the world is less distinctly divided, 
but Africa, south of the Sahara Desert, forms a 
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fairly separate region, with some overlapping in 
Egypt. So docs India with south-eastern Asia, 
while the separation between North America and 
Europe with temperate Asia is less definite. 

These facts are geologically explicable. For 
example, Australia has been more completely 
s^arated from Asia in the past than it is now. 
\Iany of the islands in the Malay Archipelago 
have risen out of the sea fairly recently, and new 
ones are being raised by earthquakes and volcanic 
action at the present time. 

Very few wild animal species are found in more 
than one of these regions, and many are restricted 
to a small part of one of them. It is far from clear 
what prevents their spreading. For example, 
around London we have three species of newt, 
all of which are also found in France. But only 
the smallest one, the palmate newt, gets as far as 
western Scotland or Cornwall. On the other hand 
the common newt is found much farUier north in 
Norway and Sweden than the other two species. 
Nobody knows why this is so. 

Boundaries between species are seldom shai'p, 
like human frontiers. For example, the crested 
newt is found in western Europe as far as the Loire 
valley in France. In Spain it is replaced by the 
marbled newt. In central France the two species 
overlap. But they do not fight one another. On 
the contrary they interbreed, and as the male 
hybrids are quite sterile, and the females fairly so, 
this means that if one species is very rare in a par¬ 
ticular area, members of it are likely to mate with 
the commoner one, and thus to have no grand¬ 
children. 
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Sometimes two related species give fertile hy¬ 
brids, and where their areas overlap there is a 
belt of territory" ^vith intermediate forms. Thus 
the carrion crow, which is solid black, lives in 
England and western Europe, the hoodie crow 
with a grey hood, in central Europe, northern 
Scotland, and Ireland. The frontier zone, with 
intermediate forms, is about fifty to a hundred 
miles wide, and runs through central Scotland, 
and from Kiel to Genoa. The hoodie crowland 
has an eastern frontier in the Yenisei valley, and 
beyond this carrion crows arc found again. These 
frontiers arc like the frontier between pale and 
dark-skinned humans running across the Sahara 
Desert, except that the two crow races do not 
oppress or fear one another. 

Are there language frontiers in animals, too.^ 
The answer is uncertain. Wolves do not usuall> 
bark, but they can learn to do so within a week 
if kept with dogs. And the songs of some, but not 
all, birds have to be learned by each new genera¬ 
tion. Since singing plays an important part in the 
courtship of many birds, differences in learned 
song might split a species. It is possible that this 
process has happened. Thus tlic chiffcliaff, willow- 
warbler, and wood-warbler arc so like in appearance 
that they w^ere first separated by Gilbert White 
in the eighteenth century by their songs, and onl) 
later were physical differences found. Unfortun¬ 
ately w'c do not kno\v whether they w'ill breed to¬ 
gether in captivity. They rarely if ever do so 
in nature. In such cases as this it is quite 
possible that an animal species is in the process 
of splitting up on a basis of the songs which 
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they learn in infancy, as our own species is unfortun¬ 
ately split up on the basis of the languages which 
they learn. 

It is false and dangerous to apply notions de¬ 
rived from animal biology directly to human 
affairs. That is what Hitler tried to do, though 
in fact the zoology in Alein Kampf is as incorrect 
as the history. Nevertheless animal behaviour gives 
us a background against which to study human 
behaviour. And the study of animal geography is 
essential both for a proper use of the world’s 
natural resources, and for the study of evolution. 
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O.NL HAS lO LEARN SOME ANIMAL CJEOGRAPJIV 

before one can unclci-stancl animal history, just as 
with human history. It is not much use learning 
about the Roman Empire if you don't know 
whether Rome is in Italy or America. 

Human history is mainly the history of human 
customs, and we know very little of animal histoi^ 
from this point of view. Nevertheless animals do 
change their customs. A striking example is the 
change in the habits of our dogs brought about 
by the muzzling orders of the iBgo's. AH Biitish 
dogs were mupled for some months to check the 
spread of rabies. Elton has observed that after 
this date dogfights have been far less bloody than 
they were before, an interesting argument against 
those who say *'you can’t make men good by Act 
of Parliament”. Apparently you can make dogs 
good. 

Again the English robin is notoriously unafraid 
of men, whereas the robins in many parts of Europe 
arc shy woodland birds which never approach 
houses. Perhaps this is because we do not eat 
small birds in Britain. No one knows whether this 
tameness is inherited or learned. 
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But most animal history is the record of the slow 
changes in form which we call evolution, and of 
migration. One cannot understand evolution 
without a knowledge of animal migrations. For 
example, if an archaeologist, ten thousand years 
hence, tried to reconstruct the history of man in 
the American continent, he would find a verv 
sudden jump from the primitive cultures of its 
early inhabitants to the more complex one brought 
over by Europeans. 

He would be wrong to suppose that the complex 
culture had evoh ed in America. European palaeon¬ 
tologists made the same sort of mistake about 
horses. As there were no wild horses in America 
when Europeans discovered it, it was natural 
to think that horses had evolved in the Old World. 
And a good many bones and teeth of primitive 
horses were found in Europe which made this 
seem probable. There were gaps in the evolu¬ 
tionary histoiy, but it was hoped to fill them. How¬ 
ever, it is now quite clear that horses evolved mainly 
in North America, where there is a fairly con¬ 
tinuous series of skeletons, and that on at least 
five occasions horselike animals invaded the Old 
World over what are no^v the Bering Straits. 
Suiprisingly enough, after the last invasion, horses 
were wiped out in America, though fossils of horses 
of quite modern types have been found there. No 
one knows whether they were killed off by disease 
or eaten by primitive men. 

No group of animals is better known in the fossil 
stale than the elephants. This is not only because 
their bones are large, but because both their trunks 
and their check teeth are quite unlike those of any 
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Other animals. So we know in what areas ele¬ 
phants lived at different times in the past. If wc 
study the histoty of one particular group of ele¬ 
phants, the mastodons, we find something very 
like the history of a human empire. They arose 
in North Africa in the early Oligoccne period 
about thirty million years ago, from animals 
superficially like the modern tapirs, and not much 
larger than pigs. In their first six million years 
they had reached France, Ukraine, and the bordcr> 
of India. In the next twelve million they had 
spread over most of the Old World, and finalb 
burst into America. A million years ago they were 
found everywhere except in the polar regions. 
Australia, I^Iadagascar, and some other islands. 
They were very successful animals. 

Then came the Ice Ages. Though the ice did not 
come ver)' far south it caused great climatic 
changes everywhere, and the mastodons, wdiich 
had apparently been so successful, could not adapt 
themselves. At the end of the Ice Ages they were 
confined to parts of North, Central, and South 
America, where they sur\dvcd so late that incom¬ 
pletely decayed corpses have been found in bogs 
in New York State, and wc even know that they 
were hairy, and ate pine twigs. In South America 
at least the last mastodons w'erc killed off by men. 
The skeleton of one was found under a landslip in 
the Andes, surrounded by the ashes of fires used 
in cooking its meat, with pottery and stone tools 
which allow us to date its death at about 200 a.d. 
Some of the queer figures in Mayan sculptures 
from Central America probably represent ele¬ 
phants. The last survival of the mastodons in 
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America reminds one of the Roman Empire, 
which survived in what are now Greece, Bulgaria, and 

Turkeyfora thousand years after Romeitselfhad been 

c onquered by German tribes. The living clepliant 
species are not so far from their original homelands. 

There are plenty of such survivors of former 
iuiimal “world-empires". The crocodiles, whicli 
live a highly specialised life in tropical rivers and 
swamps, are aU that survive of the great group of 
Archosauria, or “ruling reptiles’% including the 
dinosaurs, which were once the largest animals 
in almost all lands. Ne\vts and salamandei's rc- 
Jiesent the amphibians which were the first verie¬ 
st ates to colonise the land, but were later mostly 
replaced by their descendants, the reptiles, birds, 
and mammals. 

Another very important branch of animal history 
is that of the domestic animals. In a sense they 
have been made by man, for they are very differem 
from their wild ancestors, and the differences are 
largely due to deliberate human selection. But 
in another sense they made man. Their influence 
has been good in some respects. They took over 
a lot of work, such as transport and ploughing, 
which was first done by human labour, and thus 
made civilisation possible. But they were also 
responsible for some of its worst features. Cattle 
and capital are derived from the same Latin word, 
and cattle were the first form of capital. The owner 
of a flock or herd could and did exploit hired 
labour. And as the Bible story of how Laban and 
Jacob swindled one another shows, many of the 
nastier features of capitalism were early associated 
with the ownership of cattle. 
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Animal history is of great interest, but it is utterly 
unlike human histoi*)' in two respects. Wlien a 
State comes to an end, that does not mean that its 
people perish. On the contrai*)’ the conquered 
often breed quicker than the conquerors, and may 
furnish most of the ancestry of later generations. 
Whereas if an animal species perishes it leaves no 
descendants, though, of course, a species may dis¬ 
appear through ev'olving into one or more new 
species. Also animal species rarely fight. One re¬ 
places another because it is better adapted to a 
particular form of life, as, for example, the grey 
.American squirrel has crowded out our brown 
species from much of England. That is why the 
Darwinian struggle for existence is, on the whole, 
a much more progressive agency than human war, 
and is one of the reasons why the attempt to 
justify war on Darwinian grounds has no validity. 


I 
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ONE OF THE MANY PREJUDICES WHICH SLOW DOWN 

the spread of liberty, fraternity, and equality is 
the prejudice of one sex concerning the other. In 
our own society the prejudice of men against 
women is the more harmful as it leads to such in¬ 
justices as lower rates for women on the same jobs 
as men. But there certainly is prejudice the other 
way. Many women seem to think that a man 
cannot even sew on a button and, what is more 
serious, that men have no taste, and should not 
be consulted in planning a home. 

The scientific investigation of differences be¬ 
tween the human sexes has hardly begun. But we 
do know enough to refute many of the false state¬ 
ments which are commonly made. There are, 
of course, absolute differences between the sexes. 
So far as wb know these are entirely concerned with 
reproduction, \Vith regard to a few other char¬ 
acters, such as hair on the chin and the pitch of 
the voice, the difference is almost absolute, though 
I know at least one woman who has borne several 
children, whose beard would not disgrace a man. 
But for the vast majority of physical characters 
there is a good deal of overlap. On an average, 
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men are taller and heavier than women, but plenty 
of women are taller than most men, and an 
equal fraction of men arc shorter than most 
women. 

I think there can be no doubt that this difference 
is not due to different upbringing. British women 
are probably no worse nourished than men, and 
on an average they live a good deal longer. More 
men than women died of disease, and far more 
died of violence in England and Wales in 1938 
although there were more women than men in 
the country. The number of women who died 
of childbirth and its complications about equalled 
the excess of male over female stiicidcs. So women 
arc probably not handicapped physically, though 
they are so mentally, by their surroundings in 
England. Things are very different in such coun¬ 
tries as India, where women on the whole have 
c\en shorter lives than men. 

The sexes differ in athletic performances in the 
same way as in height. If we compare the perform¬ 
ance of a group of boys and girls of the same age 
at a hundred yards race, a long jump, or any other 
such test, the boys will do better than the girls on 
the average, and the best performance of the boys 
will usually be better than that of the girls. But 
once more, plenty of girls will do better than 
most of the boys. You certainly cannot predict 
with any confidence that a boy will do better 
than a girl of the same age. The athletic perform¬ 
ance in which the sexes show least difference is 
long-distance swimming. Here women get an ad¬ 
vantage because they generally have more fat than 
men just below the skin. Hence they lose less 
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heat in cold watei'. So quite a number of women 
have swum the English Channel. 

When it comes to mental tests, men do better 
than women at some of them on an average, and 
women beat men on others. For example, women 
commonly beat men on tests involving knowledge 
of words, \\’hile men win on tests involving an 
understanding of mechanics. The scores of intelli¬ 
gence tests are generally adjusted so that on an 
average there is no difference between the sexes. 
They can easily be arranged to favour either sex, 
and any differences in average scores can be ex¬ 
plained either by differences of upbringing or 
by the design of the tests. 

But a very curious fact emerges. Boys are much 
more variable than girls in their performance. 
In a test on 87,500 Scottish children the average 
scores of the sexes were practically the same. But the 
top one per cent., that is to say the best 875 children, 
consisted of 517 boys and only 358 girls. Just the 
same happened at the bottom. Idiocy, imbecility, 
and feeble-mindedncss are considerably commoner 
in boys than in girls. It is impossible to explain 
this fact, which has been confirmed in America 
and England, by the theory that more trouble is 
taken to educate boys than girls. If this were the 
reason there would be fewer very dull boys than 
girls. I think the difference is a real one, but it 
is certainly not enough to justify the unfair treat¬ 
ment of women as regards university scholarships. 
If the ablest one per cent, of children got such 
scholarships, about half as many again should be 
given to boys as to girls. Actually the disproportion 
is far greater. 
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I Hi:, WHOLE SUBJECT OF HU'.MA.N RLPKOUUCTiOX Js 

surrounded by superstitions, some of them dis¬ 
gusting and harmful, and it might well be that 
the objection to cousin marriage was only one of 
them However, careful scientific work shows 
ihat the children of such marriages are specially 
liable to some kinds of abnormalities. 

_ "^hc investigation can be done in two ways. 
Sjogren, a Swedish doctor, investigated all the 
blind children in Sweden whose blindness was 
associated in a special way with idiocy. Children 
afflicted \vith what is called ju\'cnilc amaurotic 
idiocy are normal up to the age of about seven 
years. They then lose their sight, later become 
idiotic, and finally die at an average age of eigh¬ 
teen. The disease is not hereditary in the ordinar>' 
sense, for its victims never have children. But it 
frequently occurs in several brothers or sisters, and 
also in cousins. Above all, it is relatively frequent 
in the children ofblood relations. Out of Sjdgren’s 120 
cases, no less than twenty-three were the children of 
first cousins who had married, and another thirty- 
one were the children of less closely related cousins. 
Since about one marriage per hundred in Sweden 
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was between first cousins this means that such 
a marriage is about thirty-five times as likely to 
produce an idiot of this kind as a marriage beltveen 
unrelated parents. Very similar results are ob¬ 
tained for other abnormalities, including com¬ 
paratively mild ones such as albinism, and serious 
disabilities such as deaf-mutism. 

Dr. Julia Bell, working for the Medical Researcli 
Council, tackled the problem from anoilicr angle. 
Over 50,000 adult English hospital patients were 
asked whether their parents \\crc related, and the 
same question was put to the parents of over 
10,000 children in children’s hospitals. The results 
were very striking. About one adult hospital 
patient in 170 was the child of two first cousins, 
but for some rare diseases the number was one in 
six, and for club foot one in thirty-two. The most 
serious disease which is appreciably commoner 
in the children of first cousins is cancer of the womb. 
I must emphasise that most diseases do not behave 
in this way, even where there is reason to suspect 
that an inborn weakness plays some part in causing 
them. For example, hernia, which is due to weak¬ 
ness of the abdominal wall as well as to strains on 
it, docs not pick out the children of related parents. 
Alcnlal defect is also commoner in the children of 
related than of unrelated parents, though inbreed¬ 
ing is not one of its main causes. 

Inbreeding has similar effects in aniinab. 
If we mate brothers and sistei*s of a species ^vhich 
is normally outbred, wc invariably find abnormal¬ 
ities, ranging from slight colour differences from 
the normal type to legs growing where an insect’s 
feelers should grow. The reason is quite clear. 
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The characters which appear as the result ol' in- 
breeding arc what are called recessives. Such 
characters only appear if a child gets an abnormal 
gene from boilt parents. I probably carry an 
abnormal gene for some character of this kind, 
perhaps albinism, juvenile diabetes, or some disease 
of llic nervous system. If I married my sister 
there would be one chance in two that she 
would carry the same gene, which would produce 

in about a quarter of our children. 

^ If I married a first cousin the chance would fall 
to one-eighth, and to smaller values for remoter 
x^rclatives. 

Curiously enough the Eugenics Society has never 
undertaken a campaign to discourage cousin mar¬ 
riages. The Catholic Church nominally does so, 
but it is so easy to obtain dispensation to marry 
a first cousin that such marriages were actually 
commoner in Catholic Bavaria than in Protestant 
Prussia; and in fact the prohibition is a source of 
income to the Church rather than a check on 
such marriages. The Greek Orthodox Church, 
the other hand, forbids such marriages absolutely. 
If they were forbidden in England, we should 
have something like 6,000 fewer mental defectives. 
2,500 fewer deaf-mutes, a few thousand less cases 
of some rare diseases, and perhaps a fetv hundred 
less deaths per year from cancer of the ^vomb. 
Nevertheless I am personally against any such 
prohibition, first perhaps because I am rather 
strongly attached to libeity, and secondly, because 
the rate of cousin marriage is falling rapidly, 
since modern conditions give people a much 
wider choice than they had a generation ago. In 
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fact, rural motor buses may be quite an important 
eugenic agency. 

I think, however, that eveiyone should under¬ 
stand that, if they many a first cousin, they arc 
more likely to have an abnormal child than if 
they marry someone else. The probability is not 
ven' great. For example, something like one 
child in 120 becoming a mental defective. The 
frequency is perhaps one in forty among the 
children of first cousins. If this were gcncrallv 
understood, people who were deeply in love 
would take the risk, as they take a risk when they 
marry someone with a bad temper or a nagging 
mother; but a good many would not. Though I 
am against making cousin marriage illegal, I do 
not think such a prohibition would be unjust. It 
could not be used as a weapon of oppression, as 
sterilisation was used in Germany. It would not 

make people who are already unfortunate still 
unhappier. 

The fact that eugenic legislation has nowhere 
been directed against inbreeding, which is a serious 
source of congenital di.sease, is certainly an argu¬ 
ment for the opponents of eugenics, who think 
that the eugenic movement is motivated by class 
hatred or a desire to mutilate our fellows, rather 
than a genuine wish for racial improvement. 
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THE N^VZI RACIAL THEORY STATES THAT OTHER 

races are inferior to the Germanic, and in particular 
that the Jews are men and women of criminal pro¬ 
pensities, out to wreck civilisation. Though they 
abuse the Jewish religion, the Nazis think that 
people of Jewish origin whose ancestors have been 
Christians for several generations, are as evil as 
Jews who keep every item of the Mosaic Law, 
They are only a little less critical of other races. 
The Negroes are only fit to be slaves. The Russians 
are Asiatic, The well-known perfidy of the English 
is due to the intermarriage of the Angles and Saxons 
with the Welsh, thus contaminating their Nordic 
blood. A fair number of people in Britain and 
the U.S.A. hold similar views which are used 
to justify imperialism and the unfair treatment 
of coloured people. 

The Dutch criminologist Bonger, who was pro¬ 
fessor of sociology and criminology at Amsterdam, 
completed a book in 1940, which ^vas translated 
into English, and published* in 1943 under the 
title Race and Crime. The author committed suicide 
when the Germans occupied Amsterdam. The 
♦Columbia University Press, New York. 
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book is rather stodgy, but its statistical tables tell 
very clear stories. Unfortunately there arc no 
data from Britain. We know what proportion of 
criminals say that they belong to various religions, 
but we do not know the proportions in the whole 
population. So, except in a few cases, of which 
one is considered later, no comparison can be 
made. 

The data about Jews in Germany, Austria, 
Poland, and Hungary, are quite clear. Jews were 
less likely than others to commit murder, man¬ 
slaughter, assault, theft, receiving stolen goods, 
embezzlement, or sexual crimes such as rape. 
They were more prone to fraud, forgery, swindling, 
and fraudulent bankruptcy. In Germany they were 
a little more often guilty of insulting behaviour. 
But on the whole they committed less crimes than 
the rest of the population. The differences are 
enormous in some cases. Theft and murder in 
Germany were about three times as common 
among non-Jews as Jews. But fraudulent bank¬ 
ruptcy in Hungary was forty times as common 
among Jews as among others, and twelve times 
^ common in Austria. If fraudulent bankruptcy 
is worse than murder, this is, of course, a reason 
for anti-Semitism. 

In the Netherlands there are figures not only 
for Jews, but for Protestants, Catholics, and mem¬ 
bers of no church. In round numbers, fifty-four 
per cent, of the Dutch were Protestants, thirty-five 
per cent. Catholics, two per cent. Jews, and seven per 
cent, irreligious. The numbers convicted annually per 
100,000 members of each religious group between 
1901 and 1909 were 416 Catholics, 309 Protestants, 
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213 Jews, and 84 of no religion. This is, of course, 
a complete refutation of the ^'iew, which wc can 
hear on the B.B.C., on most Sundays, that religion 
is needed for morality. It is probably due to the 
fact that most of the mcmbei's of no church were 
socialists who took their obligations to the commun¬ 
ity seriously. This is borne out by the fact that the 
one crime which was as frequent among them as 
among others was “rebellion against authority’’. 
The Jews, though law-abiding on the whole, had 
bad records for receiving stolen goods, embezzle¬ 
ment, and swindling, and ranked between Cath¬ 
olics and Protestants as regards murder. The 
Catholics were slightly worse than Protestants in 
almost all respects, but there was no outstanding 
feature. 

In 1931 to 1933 the differences between the 
religious groups were far less, and the Jews were 
intermediate between Catholics, who still had the 
worst record, and Protestants. The most striking 
change was that the Jews now headed the list for 
rebellion against authority, though they were 
below even the churchless as regards the frequency 
of murders. It looks as if they had become more 
conscious of social injustices, and tvere not very 
tactful in their protests. 

I have little doubt that English statistics would 
tell a fairly similar story. We should find the Jetvs 
less likely to commit crimes of violence, and more 
likely to commit various kinds of fraud. This is 
natural enough. An agricultural labourer or a 
miner has very poor opportunities of committing 
forgei7 or fraudulent bankruptcy. A shopkeeper 
has many opportunities. A Jew is more often a 
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shopkeeper than an agricultural labourer or a 
miner. Unless we know what fraction of shop¬ 
keepers were Jews, how many shopkeepers ^vcrc 
guilty of fraudulent bankruptcy, and how many 
of these were Jews, wc cannot say whether a Jewisli 
shopkeeper is more likely to commit this crim<‘ 
(ban his Christian or atheist neighbour. 

Certainly economic position is quite as important 
as race or religion in determining crime. Tims in 
Germany from 1874 to 1896 arson waseiglitcen limes 
as frequent among agricultural workers as among 
the professional ciass. while rape and sucli like 
crimes were equally common in the two groups. 
Ricks and barns are \'ery easy to burn if one loses 
one’s temper. 

National tradition is equally important. About 
*930 one in every 4,500 Bulgarians was convicted of 
homicide each year, which is about 100 times the 
rale for Norway, or for England and Wale.s, the 
least murderous European countries. Lithuania, 
f^atvia, and Estonia were also vciy murderous, 
while Greece, Poland, Portugal, Finland, Hungary, 
Roumania, and Italy were pretty bad. Is this a 
matter of race? In Massachusetts from 1914 to 
1922 persons born in Italy were eight times as 
likely to be convicted of murder, manslaughtei, 
and assault, a.s persons born in America, This 
looks bad for the “Mediterranean race” till we 
discover that persons bom in America, but one 
or both of whose parents were born in Italy, had 
just the same conviction rate a.s American-born 
children of American parents. 

American Negroe.s certainly have a higher fre¬ 
quency of most crimes than whites of the same sex, 
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but while men are much more criminal than 
Negro women, let alone ^vhite women. So if 
Negroes should be stigmatised as a criminal race, 
males should be branded as the criminal sex. 

No one knows whether, if they were brought 
up in precisely the same environment, people of 
Jewish origin \n’ou1cI be more or less prone to any 
particular sort of crime than others. We do knotv 
something about the effect of special teaching. Sir 
Percival Sharp found that in Liverpool 4.55 per 
cent, of the children in Catholic schools were brought 
before the Juvenile Courts, 3.56 per cent, of those 
in Anglican .schools, and 2.16 per cent, of those 
in Council schools. Similar results were obtained 
elsewhere. Of course, it can be argued that the 
church schools were mainly in slum areas. If so, 
one can only say that good housing makes better 
children than religious teaching. Probably any 
leaching, whether in sectarian schools or “public” 
schools, which makes a set of children think tiiey 
arc better than their neighbours, tends to make 
them bad citizens. 

Some day we may know whether racial differ¬ 
ences are of any importance at all in determining 
crime. But wc know already that they are far less 
important than differences in education and tradi¬ 
tion. 




CAN \VK CHANGE HUMAN NATURE;^ 


Al-rtK A LECTURK WJUCll I KECEMLY CJAVE ON 

ilio cjuesiion —“Arc \vc losing our moraliiy?” some¬ 
one asked me, "Can you cliangc human nature?*' 
I don't know the answer, because I don't know 
what “human nature" means. Hut if you put the 
question in ilic more concrete form -"Can one 
cliange the sort of tilings which jjcoplc want to 
do?" - tlie answer is undoubtedly yes. In one t\pe 
of society competition is a strong motive, though 
it may be competition for money, the esteem ol 
one’s fellows, or the prospect of escaping hell-fire. 
In others co-operation is an equally strong motive. 
People want to work with and for others, and are 
not interested in excelling them. Probably the 
ideal is a blend of the two, where everyone tries 
to be useful, but is quite pleased if he is more use¬ 
ful than his neighbour. 

When a scientist is asked a question of this kind, 
he often gets a great deal of information from 
animals. One can experiment on them, and they 
are less likely to do what is expected of them to 
please Aiummy or teacher; and therefore one gets 
a clearer answer. 

The cat is a good subject for experiments of this 
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kind, since it is harder to train than a dog, and 
less susceptible to reward or punishment. In the 
experiments ^vhich I am going to describe, Zing 
Yang Kuo, of Hangchow University, tried to get 
an answer to the question: '‘Is it part of the nature of 
cals to kill mice and rats?” He worked on fifty- 
nine kittens, divided into three groups. Each 
member of Group A lived with a rat or mouse 
from the age of a week upwards, except that until 
it was Nveaned at about a fortnight it was put with 
its mother at night. Group 13 was kept in solitary 
conlmcment in cages after weaning, except for 
the tests described later. Neither Group A nor 
Group B was allowed to see the mother kill a mouse 
or rat. Group C lived ^^'ith their mothers through¬ 
out the experiment. And every four days they saw 
their mother kill an animal w'hich might be a 
white rat, an ordinary mouse, or a small dancing 
mouse. The mother was not allowed to cat it, 
and each mother cat killed only one kind of animal. 

From the age of a week ontvards, the following 
experiment w'as done on each kitten every fourth 
day. It Nvas put in a cage wdth a white rat for 
half an hour, then with a large mouse, and finally 
with a small dancing mouse. The experiments 
went on till the kitten either killed one or more 
animals, or reached the age of four raontlis. 

The results were absolutely conclusive. Only 
three of the eighteen kittens of Group A ever killed 
an animal. In no case did they kill an animal of 
the kind witli \vluch they had been brought up. 
On the contrary they treated such animals with 
friendship. Nine out of twenty kittens in Group 
B killed an animal. They were more likely to kill 
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a mouse than a rat, and a small mouse than a 
large one. If they had killed a large one, they 
usually killed the smaller ones also. But less than 
half of them ever killed one. 

Finally eighteen out of the twenty-one kittens 
in Gi'oup C were killers. In almost every case the 
animals first killed was one of the kind which they 
had seen their mothers kill. 

Diet had no effect. Half the kittens in each 
group were given meat, the others were not. The 
meal-eaters were no more likely to kill, but if 
they did so they were likely to eat their victim. 
Nor did it make any difference whether a kitten 
had just been fed, or had gone without food for 
twelve hours before the test. In the absence of 
previous experience, hunger does not make a kitten 
violent. 

The experiment went on. The pacifist kittens 
of Groups A and B were given anotlicr two months 
duiing which they could see other cats killing 
mice or rats. Nine out of the eleven kittens of 
Group B fell for this propaganda, but only one of 
the fifteen kittens in Group A, which had lived 
with a mouse or rat. 

I have no doubt that there were innate difi'er- 
cnccs between these kittens as well. If Mr. Kuo 
had bred from the three pacifist kittens of Group 
G and gone on selecting those which did not kill 
even when they saw their mothers doing so, he 
could probably have produced a race of cats which 
never killed mice or rats. Similarly he could have 
bred a very fierce breed from the killer kittens of' 
Group A. ^S'hether such a result would need ten 
generations or several thousand I do not know. 
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But ten generations are quite enough to separate 
out groups of rats with very different abilities as 
regards finding their way through mazes. 

Nevertheless it is quite clear that the education 
of these kittens counted for a great deal more than 
any inborn differences which may ha\c existed 
between them. The evidence of anthropology is 
very strong that the same is true for men. And, of 
course, with human beings precept as well as ex¬ 
ample counts. Though I don’t think it counts for 
as much as some people think. The example of 
parents who behave decently is worth any amount 
of “pi-jaw" from parents who do not. However, 
that is only my personal opinion, and is not based 
on any statistics. 

My attention was called to Kuo's work by John 
Cohen’s Mature, J\ar, ami Society, a book 

with which I disagree because, after an excellent 
start, it never deals seriously with the fundamental 
question: “What types of social structure lead to 
war?” Mr. Cohen may well believe that the 
Mai-xist answer to this question is incorrect, but 
he is not likely to win Marxists over to his views if 
he ignores it. Nevertheless the history of Kuo’s 
kittens is only one of his arguments to show that 
war is not an unavoidable evil rooted in human 
nature. The next step in the argument, if wc want 
to do something practical, is to show that the 
basic causes of wars, even of those fought in 
the name of superior religions or superior races, 
are mainly economic, and then to do our utmost 
to abolish the economic causes of war. 



HEREDITY AND ENVIRONMEN1 


DURING A RECENT LECTURE JOUR IN JjWEDEN AND 

Denmark, my wife and I spoke on our rcccni 
scientific work, and we met a number of scientific 
colleagues engaged on similar research. Most ol 
the research on animal and plant breeding in 
Sweden has verv definite ijraciical ends in view, 
but It IS carried out so as to yield results of general 
scientific interest. In jjarlicular some of it illus¬ 
trates veiy beautifully the way in which hcreditv 
and environment interact. 

At VViad, near Stockholm, Professor lionnicr 
has a great barn full of cows; for, of course, cows 
must be kept indoors during the Swedish winter. 
Among them arc over fifty pairs of twins. Most 
cattle twins arc no more alike than other whole 
brothers and sisters. But about one pair in twenty- 
four arc monozygotic, or “identical”, twins derived 
from the same egg. A pair of such twins looks ex¬ 
traordinarily alike, but if they arc piebald, like 
most of those which I saw, they can always be 
told apart. If one has a white patch on the shoulder 
^ has the other, but the shapes differ slightly. 
Twins of this kind are much commoner among 
Dien than cows. About one human twin pair in 
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lour is monozygotic. Such a pair has received 
just the same hereditary materials from their 
parents and if brought up together resemble one 
another very closely. This has been said to prove 
the omnipotence of heredity. 

If such a pair of twin cattle is kept on the same 
meadow or given the same ration, their growth 
curves and milk production are almost indis¬ 
tinguishable. It follows that if they are fed differ¬ 
ently, the dift'crencc wall mainly be due to envir¬ 
onment. If you take a pair of calves born on the 
same day in the same herd, one will grow quicker 
than the other on the same ration. If you give 
one more food than the other, the better fed one 
will generally grow quicker, but not always. To 
make sure which is the better of two diets, you 
must test a number of pairs. But with a pair of 
monozygotic twins there is no doubt. In fact 
Professor Bonnier finds that to distinguish between 
two environments by experiments on twins he 
needs one-twentieth of the number of cattle that 
he would need if he used the older methods. So 
almost all the twins were being used in this way. 
One of each pair had a restricted ration. They 
certainly did not look starved, and probably got 
more food than many cattle on poor farms; but 
they were distinctly smaller than their sistei's. 

One of the special objects of the research was to 
determine the effect on milk yield of the diet given 
to the calves. One calf was fed better than the 
other till they were mated, and both were then 
put on full rations either during pregnancy or 
at least while giving milk. How'ever, this did not 
.sufiice to equalise the milk yields. It does not, of 



HEREDITY AND ENVIRONMENT I 29 

coui*se, follow that it pays to give a cow the best 
possible diet. Indeed the object of the \voik is to 
discover what level of feeding will pay the farmer 
best. Such research wiW be very important in 
Britain, particularly with regard to the value of 
artificial foods, such as oil cakes. I hope that our 
Agricultural Research Council has its eye on 
Professor Bonnier. 

Dr. Rasmusson, who directs tlic research of the 
Swedish Sugar Beet Company, is tackling the 
problem of heredity and environment from another 
angle. Beets arc continually being selected for 
higli sugar yield, and, of course, for resistance to 
disease, and unfavourable conditions. Each race 
is tried in a variety of soils and climates. Most of 
the beets are grown in a region specially well 
adapted for this crop. But most of the testing- 
stations are outside this area. For much more 
work is needed to get high sugar production on 
poor soils than on good ones. And when this has 
been achieved, the new lacc may give a slightlv 
higher yield when taken back to the good soils. 
More usually this is not so; but it may have some 
valuable quality which can be combined with 
those of the races grown on good soil by crossing 
and further selection. The principle ^vhich under- 
lit^ all this work is as follows. When one is dealing 
with economically impoitanl differences, it can 
seldom be said that any character is inherited. 
What is inherited is the capacity for reacting in a 
particular \vay to a particular environment. 

A certain kind of beet will do best on a par¬ 
ticular soil in one year; in a year with different 
rainfall and temperature it will not do so well. 
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I ha\ e no doubt tliat just the same is true of men 
and women. If this were realised I should not 
get letters asking more or less meaningless ques¬ 
tions such as “Is intelligence inherited? ’ I do not 
know what determines differences in human in¬ 
telligence. No doubt heredity and environment 
interact. I am only sure of one thing, that their 
interaction tvill prove to be even more complicated 
than in the determination of sugar yield in beets. 



PA R T III 

SCIENCE AND SOCIETY 




WHV FliOPLl:: FEAR SCIENCE 


CURING Tin, ELECTION CAMPAIGN I WAS SPEAKING 

at Dcsborough for the Labour candidate. M\- 
chairman made tlic usual flattering remarks about 
me, but added that a good many people dislrusiccl 
scientists. And because 1 was speaking about 
science and socialism, for the first time I saw quite 
clearly why this was so. 

\Vhy do so many people hate and fear science? 
Hitler s V-i and V-2 weapons were great achieve¬ 
ments of applied science. Many Londoners would 
like to hang the scientists who invented them. And 
many Germans doubtless feel the same way about 
the British scientists responsible for our giant 
bombs. Even in peacetime we must remembci 
that traflic accidents kill about as many people 
per year as the V-weapons did. You cannot expect 
a mother whose child has been killed by a speeding 
car to be a vei'y enthusiastic admirer of the internal 
combustion engine. Nor can you expect a miner 
who is coughing his lungs up because he has inhaled 
dust caused by coal-cutters to be a strong advocate 
of underground electrification. Finally, you can¬ 
not be surprised if a religious man or woman who 
sees science undermining the basis of his neigh- 
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hour’s religion, and giving them nothing in its 
place, regards science as a menace to humanity. 

As regards the application of science, our answer 
is quite simple. During a war science is socialised. 
Most scientists arc working primarily to harm the 
enemy, even though some of their work, including 
much of m)- own, ^vill help to save lives in peace¬ 
time. But in capitalist countries in peacetime the 
majority of scientists are working to increase the 
profits of some firm, a good many to satisfy their 
curiosity; and only a few directly to make their 
neighbours healthier, safer, or happier. 

It is, of course, essential that scientists should get 
plenty of opportunity to tackle problems simply 
because they are interesting, but many of the most 
interesting questions arise directly from practice. 
In fact, when a branch of science has been divorced 
from practice for a generation or so, it may become 
as intellectually barren- as the study of chess prob¬ 
lems or postage stamps. Under socialism science 
is constantly being used to make life longer and 
pleasanter for the ordinary person, and a Soviet 
citizen who distrusted it would quite rightly be 
regarded as a halfwit. In the course of this work 
enough abstract problems come up to keep the 
“pure” scientists interested. For example, in order 
to get efficient underground gasification of coal 
which, when we have it in England, will convert our 
Black Country into green and pleasant land once 
more, one must study a vast variety of problems 
such as the separation of gases by liquefaction, 
the heat conductivity of rocks, the problem of 
sending gas along pipelines for hundreds of miles, 
and so on. 



WHY PEOPLE FEAR SCIl NCI. 13f) 

What about the accusation that science clestio\s 
religion and leaves nothing in its place? Com¬ 
munists think that religion is good in so far as it 
helps a man to realise his proper place in the world 
and in society, and bad in so far as it docs tlie 
opposite. Christians who take the Gospels seriously 
realise that religion begins with love of our fellows. 
“For he that loveth not his brother, whom he hath 
seen, how can he love God whom he hath not 
seen.’^ 

Now the essence of science is objectivity. It sets 
out to give an account of the world which is true 
for everyone, not just for one man or group of men. 
In so far as a scientist liv es up to this ideal he treats 
himself objectively. For example, when I am doing 
experiments on myself I always take my notes in 
the third person. And this is, of course, the usual 
practice in my profession. Instead of writing, “1 
am panting heavily and sweating slightly, but Iiav e 
no headache,” 1 write, “J. H., panting heavily 
(sixteen respirations in 30 secs.) and sweating 
slightly. Reports no headache.” In fact 1 try to 
think about myself exactly as I would about any¬ 
one else. Naturally I don't manage to keep up 
this attitude all the time, not being perfect in any 
way. But surely such a standpoint is the correct 
one on which to approach moral, political, and 
religious questions as well as scientific ones. There 
is no room in the scientific attitude for such words 
as “I” and “mine”. In so far as a man can adopt 
it he inevitably finds himself loving his neighbour 
as himself—and occasionally hating himself as his 
neighbour. But a scientist does not get his attitude 
until he studies a branch of science in which he 
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is part of the experiment or observation. That is 
one reason why human biology is such an important 
part of any general education. I should like to see 
elementary schoolchildren taught to make sucli 
simple obser\'ations as weigliing and measuring 
themselves ever)' month, if only to help them to 
think of themselves objectively. 

No one knows how much of religion will surt ive 
when people have ceased to believe in the obsolete 
science which is associated with all the religions 
and—what is much more important—when the 
brotherhood of man has been achieved as a fact 
rather than an ideal of human behaviour. We 
can all make our own guesses. My own guess is 
that we shall turn out to have been asking the 
wrong questions, as primitive men asked the wrong 
questions about the sun, for example, whether it 
went into a hole under the earth at night, or went 
round from west to east in a boat. And so we have 
got the wrong answers. And I think the answer 
that the universe is a machine and men are machines 
is as wrong as any of the religious answers. Until 
we can get the right answer, science can give us an 
attitude to the world wliich makes the brotherhood 
of man an obvious ideal, and it can show us the 
practical means by which that ideal can be made 
a reality. 



SHOULD SCIENCE BE PLANNED.^ 


IT IS OBVIOUS IIIAT IN WAR SCIENTIFIC RESEARCH 

must be planned. TJic inajoiity of younger scientists 
believe that science should also be planned in 
peacetime. That is the view expressed by the 
Association of Scientific W'orkers. The Royal 
Society docs not commit itself But it spends about 
£•2^^000 per year on research and publication, 
and, of course, it has to plan how to spend it. 

However, a small but not negligible group of 
scientists is violently opposed to the planning of 
research. They say that this would stillc originalit)'. 
If Newton had been under a planning authority, 
he would have had to devote himself to improving 
telescopes, and would never ha\'c discovered uni¬ 
versal gravitation. Danvin would have been put 
to improv'ing British livestock or listing the econo¬ 
mically valuable plants of Australia. He would 
never have had time to produce his theoiy of 
evolution. 

The majority of British scientists, they say, work 
in industnal laboratories where work is planned, 
but their work is mainly concerned with detailed 
improvements. The big discoveries which have 
revolutionised industr\^ were made by men like 

*37 



WIIAf IS LIFE? 


13a 

Faraday working without any guidance from a 
planning authority. 

Unfortunately some of them spoil their ease by 
saying that Soviet scientists are robots. If so, Stalin 
or whocN’cr directs them, must be Galileo, Newton. 
Pasteur, and Darwin rolled into one. He tells one 
man that he will find a new family of rodents in 
the Tajik desert, a woman which enzyme in muscle 
is responsible for contraction, and another man 
how to soK^c a problem about prime numbers 
which has been worrying mathematicians for 150 
vears! Of course, these discoveries, and thousands 
like them, were made by individual initiative, for 
^vhich Soviet planning gives ample scope. This 
combination is secured in two distinct ways. The 
first is the democratisation of research. Directors 
of scientific institutions not only have to listen to 
directions from superior authorities, such as the 
Academy of Sciences or the Commissariat for 
Heavy Metallurgy’. They have to listen to the 
criticism and suggestions of subordinate workers, 
fi om lecturers to charwomen. In Britain professoi's 
get very little criticism from above, and very often 
none at all from below. “Freedom of research’' 
is a grand slogan for a laboratory chief who is a 
little Hitler and objects to planning. It does not 
sound so grand to the research worker who does 
not know what the man at the next bench is doing, 
and is forbidden to ask. 

There are two S’s in U.S.S.R. One stands for 
Socialist and implies planning from above; the 
other for Soviet, means initiative and criticism 
from below. This two-way traffic of ideas is as 
vital to science as it is to industry. Without plan- 
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ningj boviet science would not have shown the 
greatest growth in a generation which has ever 
been recorded, and, to take only one example, the 
Red Air Force would have been many years behind 
the Luftwaffe in design. Without democracy the 
Soviet sciendsls would have made fcNv original 
discoveries, and would not have had the initiative 
needed to tackle war problems. 

The second feature of democratically planned 
science is the part-time principle. So far as possible 
no laboratory is wholly engaged in ‘'pure'’ re¬ 
search, i.e. research of no immediate value. The 
workers are asked to spend some time also on 
research immediately applicable to industry, agri¬ 
culture, medicine, or war. On the other hand, 
industrial and military laboratories arc permitted 
some pure research, for example, the Soviet Acad¬ 
emy of Military Medicine published work on the 
chemical changes in developing hens’ eggs. These 
may throw light on wound healing, but have no 
obvious bearing on war. But unless such work is 
done, military medicine may lose touch with 
science. Some capitalist firms allow their scientists 
great freedom. Thus R. R. Williams works for the 
Amencan Bell Telephone Laboratories. His main 
job is to keep telephone poles from rotting and 
insect attack. I imagine he does this pretty effi- 
ciendy, for the Bell Laboratories allow him so 
much time and equipment for his own work that 
he has isolated a vitamin and worked out its com¬ 
position. Few British industrial chemists are so 
lucky. 

I believe that British science should and must be 
planned. But without democracy in the laboratory 
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plaiiiiiiig will merely sdlle originality. And under 
(aj^ilalism many branches of science, and particu¬ 
larly physics, chemistry, and geolo^, cannot be 
adequately planned. Competing hrms keep re¬ 
search secret, and monopolists arc often more in¬ 
terested in profits than progress. Planning under 
capitalism has been fairly successful in the fields 
of medicine and agriculture, as exemplified by the 
British Medical Research Council and the American 
Agricultural Research Board. But progressive 
scientists however much in favour of planning in 
i^rinciple, will do well to beware of plans drawn 
up to assist industrial magnates, and mine owners. 
I'hat kind of planning may well be a step towards 
fascism and the degradation of science. 



PLANNING AND KREEDOM IN SCIENCE 


THE ASbOCIATION OF SCIEN riFIC WORKERS HAS RE- 

ccntly published an impressive volume on ‘'plan¬ 
ning in Science”, which records a conference 
held recently. This is mainly concerned with war 
problems, but many of the speakers were emphatic¬ 
ally in favour of planning scientific research after 
tlic war, and this was so regardless of their political 
views. A minority of scientific workei's arc opposed 
to planning. They believe that no great scientific 
discoveries will be made if research is planned. 
And some of them have started a “Society for 
Freedom in Science”, which is to spread their 
views. Dr. J. R. Baker, an Oxford zoologist, has 
recently pub ished a book called The Scientific Life^ 
which states the case against planning, and for 
what he regards as freedom. Here is part of the 
programme of the society of which he is a member. 
“The conditions of appointment of research workers 
in universities shoula give them freedom to choose 
their own problems in their own subject, and to 
'hork separately or in collaboration as they may 
prefer.” 

Let us examine this demand. First of all it only 
applies to university research workers, who are a 
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small minority of all scientific workers. It would 
not apply to workers in hospitals or chemical 
factories, yet it is in these that most great medical 
discoveries have been made in the last generation. 
Nor would it apply to Dr. Baker’s laboratory 
assistant, who might prefer to stuff birds rather 
than prepare microscopic sections. In fact, Dr. 
Baker is asking for freedom for people like himself 
raUier than general freedom. Actually this freedom 
of choice is only possible in some research depart¬ 
ments. Where there is complicated and expensive 
apparatus, this must be used. If a man joins the 
staff of an observatory whose main telescope is 
adapted for photography, he cannot switch over 
to observing the surface of Mars or counting shoot¬ 
ing stars. He must co-operate in the work of the 
observatory. In the same way if animals or plants 
have been bred for many years, it would be ridicu¬ 
lous to throw away a stock because a new research 
worker would rather breed butterflies than poultry, 
or goats than guinea pigs. 

Finally notice the words “in their own subject”. 
Oxford has financial provision for zoological re¬ 
search, largely because certain rich people have 
stumped up the money. It has no provision for 
psychical research, which is very important if 
even a tenth of the spiritualists’^ daims are true, 
or for research into the life of ^arx. Dr. Baker 
demands the right to study sea anemones even if 
the State wants him to work on wool production. 
Why does he not ask to be allowed to study meteor¬ 
ology or archaeology if he wants to? 

One of his main arguments is that great dis¬ 
coveries come by chance. For example, Pasteur, 
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working on crystallography, became inlercstecl in 
bacteria which led him to the study of disease. 
Rontgen noticed that rays from a vacuum tube 
went through black paper, and so on. Dr. Baker 
tliinks this would have been impossible in planned 
science. Let us take an e.xamplc of planned science, 
Soviet geology. An expedition is sent to look for 
copper ore, whose presence in a district is suspected. 
They find very little copper, but a good deal of 
tin. Does Dr. Baker think that they would not 
report the tin, or be shot for not finding enough 
copper? 

The planning of scientific research involves a 
thorough survey of some part of nature, whether 
it be the rocks of a mountain range, the animals 
ol an island, the properties of a group of chemical 
substances or of a set of rays. No one knows what 
will be found, or whether the findings will be 
put to any useful purpose, but w^c do know that 
this is often enough so to make planned research 
a very good investment for the Stale. This sort of 
planning is only harmful if it is so rigid that a 
researcher cannot follow up an unexpected dis¬ 
covery. A plan for research should be like the 
plan of a military campaign. This should be flex¬ 
ible, so that it can be altered as the situation 
develops. A unit which finds a gap must be en¬ 
couraged to go’ forward, but not to get lost. Where 
advance is difficult it may be best to attack harder 
or to turn the flank. 

Planning is obviously necessary^ in industrial 
research. Dr. Baker dismisses this by sayiixg tliat 
technology is not science. He cjuotes a Chicago 
university dissertation on “A time and motion 
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comparison ol four methods of dish-washing”, 
which presumably he does not regard as science. 
But a dissertation on the methods used by mammals 
for cleaning their fur, which include teeth divided 
up like combs, special forms of claws, and so forth, 
would certainly rank as scientific at Oxford. Per¬ 
haps Oxford is a little snobbish even in its science. 
And such snobbery does not make it easy to switch 
over to war research. Planned technological re¬ 
search can be first-rate science. The theor^^ of 
sound made no serious progress for a generation 
until the design of gramophones and loud-speakers 
broke new ground. Bacteriology did not originate 
from medicine, but from the study of brewing and 
other fermentations. Even in peace, and much 
more in war, most scientists are engaged in tech¬ 
nological work. Britain will only hold its place in 
the world if we make our technology more scien¬ 
tific, and bring our academic research into toucli 
^vith practical problems. This can be done by a 
combination of planning with democracy in the 
laboratoi'y, and in both respects we have much to 
learn from the Soviet Union. 



CAN SCIENCi: BE TAUGH'I.* 


ONI:- 01 MY JOBi JN PtACElIMt IS TO LECTURE AXU 

hold practical classes on certain branches of biolog\. 
This is not essentially different from the task oi 
a secondary school teacher. In each case onr 
pupils arc working for examinations, even though 
many of them are sufficiently interested to stud\ 
some matters on wJiich they will not be examined. 
Arc we really doing the best we could to turn out 
I he scicnlisls of the next generation? By scientists 
I mean men and women who actually advance 
science, cither by discovering new facts about 
nature or by applying those which were known 
before to practical problems. Of course, the dis¬ 
tinction is not a sharp one. 

I am inclin^ to say “No”, if only because 1 
have had a fairly successful scientific career with- 
out passing any examinations in science since I 
left school, I had a vastly better training than any 
university course, namely apprenticeship. The 
teaching of science involves a contradiction. The 
very core of the scientific attitude is a respect for 
facte, whether or not they agree with the teaching 
of the Bible, of Danvin, or of Engels. But in school 
one 18 taught on the authority of tlie teacher or the 
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textbook. A real teacher of science must persuade 
his pupils that his lectures may be incorrect, and 
are bound to be so at some points; whereas the 
spelling of English or French can and should be 
taught authoritatively. I learned my most im¬ 
portant lessons in science from my father. When 
I was about eight, I began taking down figures 
\vhich he dictated to me during analysis. By the 
time I was twelve I was taking samples of air in 
mines, and mixing soda and lime for rescue appara¬ 
tus. Later I came on to the really responsible job 
of bottle-washing. I realised that the standards of 
accuracy required in real research, where a mis¬ 
take might lose a life, were vastly higher than those 
of school chemistry, just as my own laboratory 
standard of cleanliness was above that of the 
scullery. I heard my father producing beautiful 
theories which he had to scrap in deference to 
ugly facts. I got at least a rough idea of what 
scientific research meant. 

The most important part of the science teaching 
wliich I have done was probably tlie supervision 
of young workers doing their first research. They 
must be allowed to m^e mistakes—even bad ones 
which will waste a month—but yet helped, if 
necessary, so that they get some results from their 
work. Some of my junior colleagues have done 
pretty well, and at least two are probably better 
biologists than myself. 

If we are to teach children science, as we do 
teach them English, up to the point where some 
of them show at least a little originality, we must 
introduce something of this kind into schools. 
This has already been done in many Soviet schools, 
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though presumably their scientific teaching has 
suffered from the war. In some country schools a 
party of boys and girls would accompany a geologist 
on a week’s prospecting tour, finding samples ol 
minerals and fossils. In others they helped in the 
collection of animals and plants. Many schools 
co-operated in a study of bird migration. Thou¬ 
sands of birds were caught in traps specially de¬ 
signed not to hurt them, released with rings on 
their legs, and caught again at other schools. ^Vhcn 
all the results were collated, it was possible to map 
the routes taken across the Union by various 
species of birds. In many of the towns workshops 
were available where children could lest their own 
inventions. Probably very few of these were much 
use, but at least they learned from their failures. 
.\nd they had the satisfaction of making something 
from their own design, instead of merely repeating 
standard c.xerciscs. 

How far could our secondary-school children 
Icam science in this way now the war is over? The 
first requisite is a much bigger and better supply 
of science teachers, particularly men and women 
who have done a little research, if only up 
to the M.Sc., standard. One of the main 
tasks of our univ'crsities should be to produce 
such teachers. The second is more leisure for the 
teachers, and for the brightest ten per cent, of boys 
and girls learning science. This would be available 
if free univei'sity education were provided on the 
scale of the Soviet Union, or even the United 
States. If so the ablest children would have quali¬ 
fied for it by the age of fifteen, and would have 
some lime to spare in their last school years. 
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Under socialism such things would be vastly 
easier. The State-owned factories and railways 
could and would be linked up with the schools in 
a way which is impossible at present. School- 
cliildrcn would be more welcome on an estate 
belonging to their own parents than in Lord Blank’s 
pheasant preserves or Sir John Dash’s Home Farm. 

Many teachers may think that, at best, such 
work will not make a real contribution to know¬ 
ledge. If they think so it is because they themselves 
have been taught science badly, and do not realise 
how little we know about quite simple matters. 
Professor Salisbury, who has just been appointed 
director of Kew Gardens, has recently published 
the first comprehensive counts of the numbers of 
seeds produced by common English plant species. 
Such figures are most important for the theoiy of 
evolution, but had never been compiled before. 
On an average only one seed per year from an 
annual plant can germinate and grow up into a 
new plant. But this one is one in 70,000 wdth the 
field poppy, and about one in thirty with the 
cuckoo-pint. Clearly natural .selection is much 
more intense in the poppy than the cuckoo-pint, 
even though the latter lives several years. Children 
could easily undertake such work as this. 

Under the new educational schemes children 
are to be segregated into grammar, modern, and 
technical schools at the age of eleven. Presumably 
in the modern schools they will be taught science 
by the existing methods, while in the technical 
schools they will have a chance of learning the 
craftsmanship which eveiy scientist needs, but few 
scientific principles. In fact, the gap between 
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theor)' and practice, which is characteristic of 
capitalism or any other class society, will be made 
a feature of our education. This may help to delay 
the coming of a classless society. But it will noi 
give us the scientists whom we shall need if we are 
to hold our place among the nations. 



I'l-ACHING TEACHERS 


rilE SCHOOL-LKAVINC; AtiF. HAS liFKN RAISED 10 

fifteen, and will cvenliially be raised to sixteen. 
An amendment to raise it to sixteen in 1948 was 
only Just defeated in the Commons, partly on the 
i^roimd that there will not be enough teachers. 

I am particularly inlcreslcd in this question be¬ 
cause 1 am a university professor, and one of my 
main jobs ought to be the training offiiturc teachers. 
I should like to see every srcondarv-school teacher 

» 4 

educated up to the uni\cr.siiy honours standard. 
For you cannot leach a subject really well unless 
)'OU know a good deal more about it than you 
normally have to teach. You arc then in a position 
to answer your pupils’ questions, and above all, to 
show them in a rough way how the subject taught 
links up with other branches of knowledge, and 
with the life of .society. 

If the training of teachers is to be one of the 
chief functions of a university, the universities 
should adapt their courses to this new need, I am 
engaged in the teaching of biology. At present a 
student in London University ^vho is interested in 
living things has two alternatives. He or she ma)^ 
take a general degree in three scientific subjects, 
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such as zoology, botany, and chemistry, or a 
special degree in one subject such as zoology, with 
a slighter knowledge of other subjects. The class 
of honoui-s depends on the special subject only. 

Besides teachers, agiicultural scientists ought to 
know a good deal about both plants and animals. 
Thus a man or woman who is to work on root crops 
must know not only how to cultivate and breed 
them, but about the insects and other animals which 
attack them. A specialist in dair>' farming should 
not merely understand cows, but also meadow 
grasses and the methods of improving their quality. 
Both should know some bacteriology to enable 
them to deal with diseases of root crops, and to 
test samples of milk. 

Sf a number of teachers in London University 
are discussing the possibility of an honours coui'se 
in biology as a whole. This would be a much better 
course to-day than it could have been in 1900, 
owing to the growth of knowledge in subjects 
which cut across the frontiers between plant and 
animal life. 

®ne of these is biochemistry. VVe need a good 
milkfsupply to provide us with first-class proteins, 
especially for growing children. But the cow is 
only able to make the milk proteins from proteins 
present in the grass she eats, and the grass can 
only make them if enough nitrogenous compounds 
are available in the soil. Again, although the forms 
of the cow and the grass arc very different, the 
chemical compounds the processes going on 
inside them are more similar than was realised 
until recendy. For example, the grass roots need 
energy to grow, and to suck in nutritive substances; 
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and they gel it by oxidising food just as the cow 
gets the energy needed for walking and eating. 
The chemical machineries of the two processes are 
so alike that one can learn about one by studying 
the other. 

The principles of inheritance in animals and 
plants are extraordinarily alike. Some can be most 
easily studied in plants, others in animals. A good 
course in genetics should jump from plants to 
animals, and back again. For example, inbreeding 
has good and bad effects. These are most easily 
studied with the most extreme form of inbreeding, 
namely self-fertilisation, which is possible in most 
plants, but in very few animals. On the other hand 
if large numbers of individuals are needed, it is 
vastly easier (particularly in London) to grow a 
thousand small insects in ten milk bottles than to 
grow a thousand wheat or pea plants. And the 
fact that in most animals the sexes are separate, 
while in most plants they are combined in the 
same individual, introduces an extra complication 
into animal genetics. 

Ecology, the study of living communities, is a 
study of both plants and animals. The ecologist 
investigates an area, whether natural like a moor 
or a lake, or artificial like a meadow or a reservoir, 
and begins by making a list of the plant and animal 
species, ^vith a rough estimate of their frequency at 
different times of the year. He then determines 
which eat which, and how they compete with one 
another. For example, it is not only rabbits above 
ground, but wire^vorms below it, which may com¬ 
pete with the cows in the meadow for grass. ^ Bac¬ 
teria in the soil may destroy nitrogenous fertilisers 
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which would otherwise go to make grass and milk. 
The minnows in the lake may be eaten by worms 
inside them as well as pike outside them. 

Finally bacteria, which are of great importance 
not only in causing diseases, but in bringing about 
all kinds of chemical transformations which ^ve 
are apt to lump together as decay, are of great 
importance, especially in the soil. At present the 
only students who study them seriously are students 
of medicine, but every biologist should know some¬ 
thing about them. These are some of the reasons 
why a course in biolog)' could be something much 
more than a combination of a course in botany 
with one in zoology, and why I, for one, hope that 
we may be able to start such a course in London. 

I should like to see many of the future teachers 
of biology in secondaiy schools go on to do a couple 
of years of research. Only those who have done 
research can really understand how science grows. 
They also acquire a standard of accuracy which is 
impossible in the more hurried work for examina¬ 
tions. Above all they may learn intellectual in¬ 
tegrity, that is to say the habit of examining a 
theory and trying to disprove it before you adopt 
it, particularly if it is a theory which you find 
satislying. 

Science grows so quickly that refresher courses 
are absolutely necessary. Many schoolmasters are 
still teaching what they learned about 1910, though 
some of it has been proved inaccurate, and much 
of it can now be presented in a simpler form. Of 
course, histoiy and other branches of knowledge 
are progressing too, but it is much easier to keep up 
with their progress by reading books and journals, 
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whereas science cannot be taught without demons¬ 
trations and expeiiments. Ideally every school 
science teacher should come back to the university 
for a term e\'ery five )ears or so. There are not 
)ci enough teachers, or enough accommodation 
in the universities, to make this possible. But if 
education is to de\'elop along the lines laid down 
in the recent White Paper, we should reach this 
stage in the next twelve years. 

I have written about my own subject, but if I 
were a historian or a linguist, a geographer or a 
physicist, I could make out a similar case. We 
shall only get the educational system that our 
children deserve if the universities play their part. 
And this ^vill only be possible as more and more 
voters realise that fii'St-rate secondary education 
for their children is not a luxury, or, as Sir Herbert 
Williams said in the House of Commons, a waste 
of time, but an essential preparation for citizen¬ 
ship. 



\VOMEN IN SCIENCE 


IN 1942 TIIL NAZIS Wi.RL PUSHING WOMKN INFO 

factories as fcvcrislily as they pushed ilicm out iu 
1933. 15 ul they were certainly not using women 
in their war cflbri as well as Britain, let alone the 
Soviet Union. As more and more women came into 
industry the question came u|) of how far ihcy 
could do a man’s job. 

The record of women in .science has a big bearing 
on this cjuestion, because research is more and more 
becoming a matter of skilled manual work. This 
is obviously so in physics and chemistry, where 
cvei*yihing depends on very accurate weighing and 
^ measurement. It is also the ease even in such non- 
expcrimcntal branches of science as classificatory 
zooIog>'. Linnaeus, the great Swedish classifier of 
the eighteenth century', looked at a number of 
animals and decided that the lion, cat, leopard, 
tiger, and so on, were like enough to be put to¬ 
gether in the genus Felisy while dogs, bears, weasels, 
and so on, were put in different genera. If a modern 
zoologist wanted to improve on Linnaeus, he or 
she would probably count the chromosomes in 
the nuclei of cells of different cat-like animals, and 
if he found that they fell into two different groups, 
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he might split the genus. But to count chromosomes 
you need to harden the cells with suitable chemicals, 
slice the tissues very finely, mount them under a 
microscope, stain them, and draw them or photo¬ 
graph them. All these are skilled jobs. At the 
present time my life depends on my skill as a 
chemical analyst. If I make a bad enough slip, 

1 may very well be killed, and many others are in 
ihc same posiiion. 

Few women have so far made big scientific re¬ 
putations. Women are obviously the equals of men 
on the stage, the screen, and the concert platform, 
and nearly if not quite so as writers of fiction. They 
were probably kept out of science, and still are, 
by their education, but in the last fifty years they 
have begun to compete in a big way. 

The greatest woman scientist was probably 
Madame Curie, a Pole by birth. She succeeded 
in the monstrously difficult job of purifying and 
isolating radium, which was present in one part per 
six million of the material from which she started, 
that is to say one pound in 2,700 tons. It is hard 
enough to separate it to-day when its properties arc 
well know n, and the amount of it at each stage can 
be accurately estimated. Madame Curie combined 
the intellect of a first-rale scientist with the skill 
of a first-rate craftsman and the patience of a first- 
rate charwoman. Two other women have since 
done similar feats, namely Dr. Meitner, a German- 
Jewish w'oman who, \vith O. Hahn, isolated the 
radioactive clement protoactinium, and Dr. Tackc, 
a German who collaborated with Noddack in 
isolating the rare element rhenium. The collabor¬ 
ators later married. 
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Other women scientists have also distinguished 
themselves by extreme technical skill. Miss Pockels 
was the first to get a surface of water so clean that 
its surface tension and the effect on it of \ ery thin 
films of oil could be accurately measured. Dr. 
Stephenson was the fii-st to determine the oxygen 
consumption, or in ordinary language, the breath¬ 
ing, of bacteria, w'hen given different kinds of food. 
Dr. Ethel Brown Harvey managed to separate the 
nucleus from developing sea-urchin eggs, and in¬ 
duce the remainder to develop through several 
stages, which upset many theories on the subject. 
Dr. W. E. Brenchley has proved the nccc.ssity for 
plants of elements such as boron in quantities too 
small to be detected by the ordinary metliods ol 
analytical chemistry. 

If I want a bit of tedious and dilRcuIl work to 
be done as accurately as possible, I should generally 
give it to a woman rather than a man. The French 
physicist Langevin said that men were belter 
scientists than women because they were lazier. 
When faced with a problem of this sort they try 
to find a short cut, and arc thus more likely to 
make a new discovery. This may be an inborn 
characteristic of the sex, but it may also be because 
women liave traditionally been taught arts such 
as cooking, needlework, and housework, where 
there arc no short cuts. Whatever the cause, it 
suggests that women are as well qualified as men 
to become good craftsmen. 

Further, some women scientists bring intellectual 
as well as physical tidiness and conscientiousness 
into their work. My w'ife, with whom I am collab¬ 
orating at present, has fewer original ideas than I, 
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but she cleans mine up, and not merely makes them 
more precise, but suggests experiments of which I 
had not thought to check their accuracy. 

One weakness of the Nazi war effort was their 
decision that women were only suited to be the 
recreation of the tired warrior, or the mother 
of Nordic blondes. W’hereas the experience of 
Britain, and still more of the Soviet Union, has 
proved that women are fitted to be men’s comrades 
and colleagues both in peace and war. Women 
did not play their full part in Hitler’s plans for 
total war, and science will not reach its full 
stature till women are allowed and encouraged to 
use their special abilities to the full both in research 
and teaching. 



THE BACK DOOR TO SCIENCE 


MOST OF THE MEN AND WOMEN WHO ARE ENGAGED 

in scientific research get university degrees in 
science. It is sometimes thought that this is neces¬ 
sary. This is not the case. I only got a scientific 
degree this year, an honorary one from the Dutch 
university of Groningen. However, I had an Arts 
Degree at Oxford, and it is certainly hard to get 
a paid research post without a degree of some kind. 
In consequence thousands of men and women who 
could do good research work arc doing other things 
because they could not afford a university education. 

Scholarships are better than nothing, but they 
certainly do not pick out the best future research 
workers. Even university honours examinations do 
not do so. A good many people who get first classes 
show no originality, and others who get lower 
classes do highly original research. Scholarships 
select children for precocity. The child who gets 
into a secondary school as the result of an examin¬ 
ation at the age of eleven, may have grown up 
mentally quicker than the average. It does not 
follow that he or she will go on doing so. They also 
select for home environments where intellectual 
work is fairly easy. An only child has much better 
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chances of doing home work than one with half a 
dozen brothers and sisters, but that does not make 
him or her a better research worker. 

Now there is an opening into scientific research 
for those who have been unable to get scholarships, 
but feel the pull of science. This is by becoming a 
laboratory technician in the right kind of labora¬ 
tory. In many laboratories there is no great future 
for technicians. At best they may hope to become 
head technicians supervising routine work, or per¬ 
haps constructing apparatus with which otliers 
will carry out research. At worst they will find 
themselves in poorly paid posts doing semi-skilled 
work. This was the case imtiT fairly recently, in 
most university laboratories. The change which 
is now taking place is very largely due to the 
Association of Scientific Workers, which includes 
technicians as well as university graduates, and 
has fought their battles in many places. 

At University College, London, for example, 
our junior technicians not merely have the right 
to education, but arc compelled to put in at least 
eight hours a week in various classes. I think that 
some of our young ladies who hope to marry as 
soon as possible resent this considerably. These 
classes include lectures and practical work. We 
hope to give the technicians a thorough grounding 
in several branches of science and in mathematics. 
In our chemistry department a substantial fraction 
of the technicians ultimately get degrees. It takes 
them a good deal longer than the ordinary student 
to do so. And I have little doubt that in the exam¬ 
inations their practical work is better than the 
average, and their written work w'orse. 
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A few of the more ambitious technicians go to 
evening classes at a Technical College or at Birk- 
beck College. This year one of them got the best 
first class of his year in London University in his 
subject, and was immediately appointed as a 
university lecturer. This, of course, leads to us 
losing many of our best technicians. In the Soviet 
Union, where technicians have, I am told, a higher 
status than in University College, such loss is a 
real handicap to senior research workers. How¬ 
ever, even from a selfish point of view, it will prob¬ 
ably be worth our while to get ambitious and in¬ 
telligent young men and women, who will try to 
reach a very high standard in their work. 

Meanwhile thousands of boys and girls who 
want to lake up science and would normally be 
able to join a university as students arc kept out 
by the flood of cx-Ser\’icc men and women, who 
are quite rightly given priority. If any of them 
read this, I recommend them to think seriously 
about taking a post as a technician. Of course, 
there are still many institutions where the tech¬ 
nicians have no chance. But there are others 
where they have. The i\ssociation of Scientific 
Workers should be able to tell them what to expect 
in any particular case. 

I recommend it for the following reasons. I 
learned much of my practical science by ‘‘bottle 
washing” for my father. Washing laboratory 
glassware is a highly skilled job. It is one thing to 
make glassware clean enough for ordinary chemical 
analysis, and quite another to prepare it for bacteri- 
iological work, where a single bacillus left behind 
may falsify an experiment. I went on to make 
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Standard solutions, calibrate apparatus, and so on, 
reaching a far higher standard of accuracy than 
is demanded in a teaching laboratory or in many 
industrial ones. In fact I learned a good deal of 
science as an apprentice rather than as a student. 
Scientific research demands manual skill as well 
as thought. So it is veiy important that a number 
of the recruits to it should be primarily qualified 
by their skill, even if they find the theoretical side 
of science difficult or dull. 

There are no vacancies for students at present, 
but a fair number for technicians. Some of our 
best technicians will be satisfied with turning out 
skilled \vork. It is very pleasant to make really 
good microscope slides, to grow really good crys¬ 
tals, and above all to make really accurate appara¬ 
tus. Naturally a professor is delighted to get a man 
or woman with no further ambitions. But we also 
realise that many of our helpers will want to dis¬ 
cover something for themselves, and that it is our 
duty both to the technicians and to .science to help 
them on their path. 1 cannot set up an employ¬ 
ment bureau. Above all, I don’t know whether 
Professor Smith gives technicians a chance, while 
Professor Jones docs not. I only know that among 
my colleagues there arc men who have started as 
technicians, not as university students, and have 
made good. 1 write this article because I want to 
see more of them. 



SOVIET SCIENCE 


I DO NOT KNOW AS MUCH AS I SIIOUI^D LIKE TO KNOW 

about Soviet science. This is the result of an “iron 
curtain”, to use Goebbels’ phrase. But it is not an 
iron curtain of secrecy, but mainly one of linguistic 
difference. Most Soviet science is published in 
Russian, but a good deal in Ukrainian, Uzbek, or 
even one of the Caucasian languages. I can read 
scientific papers in ten languages, but none of 
these are Slavonic. The Academy of Sciences 
publishes its Comptes Rendus in English and French, 
but these are short summaries, not giving all the 
details which I often need. So my sketch of Soviet 
science is based on veiy inadequate knowledge. 

After the Revolution, Soviet research started 
with a depleted personnel and a terrible shortage 
of equipment. It was handicapped in another 
respect. Lenin’s programme called for an immense 
expansion of science. This meant that the ablest 
scientists had to spend at least ten years very largely 
on ordinary teaching and on the training of research 
workers. A physicist could not specialise in one 
small branch of his subject. He had to supervise 
research in many different branches. New uni¬ 
versities were founded not only in Russia, but 
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among nations which were almost wholly illiterate, 
and had no secondary education. It is not sur¬ 
prising that the first scientific papers from Turk¬ 
menistan were of uneven quality. Some were up 
to tlie best standards of ^Vestcrn Europe. Others 
fell below them. A very similar phenomenon 
occurred in the United States forty years ago. The 
quality of the publications from new Middle 
Western universities was not always high. Now 
they compare very favourably with those of Europe. 

Laboratory equipment was very scarce for many 
years after the Revolution. It could not be bought 
in quantity abroad, and only during the second 
Five Year Plan was it made on any scale at home. 
This was one reason why some of the most con- 
.spicuous advances of Soviet science have been in 
the outdoor sciences of geology, zoology, and 
botany. The other reason was that these sciences 
were specially needed for the development of the 
country. 

Soviet geology has been particularly fruitful. 
To take one simple example, as the result of the 
work organised by Obruchov we now know the 
approximate extent of the areas covered by icc in 
Siberia during the recent Ice Ages, though the 
analysis of the successive glaciations is not yet as 
complete as in Europe and North America. But 
it is quite sufficient to negative any suggestion that 
the position of the earth’s poles has shifted much 
during the last half million years. 

The tectonic structure of northern Asia has also 
been elucidated. In the course of this elucidation 
the Karaganda and Tungus coalfields were dis¬ 
covered, and the Kuznetz coalfield mapped. With- 
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out these discoveries the Soviets could not have 
overcome the Germans as they did. From the 
point of view of pure science, ho^\■cver, the Union 
is far better mapped geologically than any other 
area of equal size, though probably few parts of 
it arc as well mapped as are the countries of\Vcstcrn 
Europe. 

The Soviet Union can claim to lead the world 
in the study of soils. Such Russian words as cher¬ 
nozem and podsol are part of the international 
vocabulary. It is only fair to say that Glinka's 
pioneer work was largely done before the Revolu¬ 
tion, but it has been carried on enthusiastically. 

Again the fauna and flora of the Union arc very 
extensively known. In fact, no other mainly un¬ 
cultivated area of the globe has been as well studied 
as Siberia. The only data on variation based on 
literally millions of wild animals come from the 
Soviet Union, where the fur industry is so organised 
as to yield data in several respects more complete 
than that of Canada. The study of fish has been 
particularly full. 

Animal genetics has been largely, though not 
wholly, confined to animals of economic import¬ 
ance. For example, the first data on autosomal link¬ 
age in poultry and the only data on linkage in 
sheep are due to Soviet workers. And they were 
the first to study gene distributions in natural 
populations, though here the Americans have 
possibly overtaken them. 

It is widely believed that plant genetics in the 
Soviet Union came to an end with the death of 
the geneticist Vavilov, who had done very fine 
work on the origin and geographical distribution 
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of cultivated plants. I do not know how Vavilov 
died, nor do 1 know how tens of thousands of other 
refugees from Leningrad died. As his institute at 
Detzkoe Seloe became a battlefield throughout the 
siege of Leningrad, it is not surprising that no 
research has been clone there in recent years. I 
have little doubt that Lyssenko’s attacks on certain 
genetical conceptions have slowed down the pro¬ 
gress of Russian plant genetics. But such episodes 
are unfortunately common. To take one example, 
Cuenot discovered multiple allelomorphism and 
described a lethal gene in France in 1905, but as 
genetical ideas did not commend themselves to 
certain leading French biologists, French genetics 
are almost a blank between 1905 and 1935. But 
Soviet plant genetics are far from a blank since 
Lyssenko became a leading biologist. 1 need only 
mention Zhebrak’s synthesis of octoploid wheats 
and Shmuck’s work on the effects of different 
organic compounds in producing polyploidy. There 
can be little doubt that some Soviet plant breeders 
had under-estimated the importance of environ¬ 
ment. Lyssenko, who has produced most con¬ 
spicuous results by changing the environment of 
plants, has probably swung the pendulum too far 
in the other direction, but I do not doubt that it 
will settle down. 

In the same way I have little doubt that British 
plant genetics will sur\dve the fact that our leading 
plant geneticist, Harland, has had to take a post 
in Peru, with excellent effects on Peruvian agri¬ 
culture, after dismissal on grounds which a British 
jury found unjust. There is, however, the import¬ 
ant difference that Soviet plant genetics are likely 
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to have a considerable slant in the physiological 
direction, whereas no such advantage will occur 
from the Harland case. I have only emphasised 
the Vavilov-Lyssenko controversy because it h. ^ 
been made the basis for attacks on the whoU* 
Soviet scientific system. My sympathies in the 
controversy are on the \Nholc with Vavilov, but 
I respect Lyssenko’s work and think that some of 
his criticisms were justified. 

So far I have dealt with some of the outdoor 
branches of Soviet science. I know less about the 
indoor branches. Research is planned in the sense 
that the amount of effort to be devoted to different 
branches of research is a matter of policy rather 
than of chance. It was decided, for example, that 
so many thousand million roubles were to be de¬ 
voted to geology and a smaller sum to organic 
chemistry, whereas in Britain organic chemistry 
is better subsidised than geology. Hut no planning 
commission can determine whether a given moun¬ 
tain will contain tin, copper, or just plain granite, 
or whether a new compound will be an insecticide, 
a useful drug, or a mere addition to the list of 
naphthaline derivatives. 

The phrase “socialist science'’ has been violently 
criticised. And it is clear that if scientists reached 
one set of conclusions in a socialist country and 
another set on the same subject in capitalist 
countries, something would be very badly wrong 
with scientific method in one country or in all. 
But this is not the case. On the other hand scientists 
in a socialist country will investigate a rather 
different set of problems than those in capitalist 
countries, and in so far as they are Marxists, will 
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tend to lay more emphasis on problems involving 
change. This is particularly notable in Soviet 
chemistry. 

Soviet chemists have investigated chemical re¬ 
actions, notably in gaseous systems, where Semen¬ 
ov’s work on “chain reactions” has been universally 
accepted. Kharitonov has made remarkable steps 
in the study of changes in solids, such as the deton¬ 
ation of solid explosives. They have also played 
a leading part in mineralogical chemistry, particu¬ 
larly in the study of the processes by which minerals 
are formed. Vernadsky and his school liave par¬ 
ticularly stressed the concentration of rare elements 
by plants and animals. In organic chemistry they 
have made less spectacular progress. In a recent 
volume of British Chemical Abstracts, twcnty-fi\T 
percent, of the citations on mineralogical chemistry, 
but only twelve per cent, of those on organic 
chemistry, related to work done in the Soviet 
Union. The chemistry of a socialist England or 
France would probably show the same concentra¬ 
tion on change, but less on mineralogy, since 
mineral production is relatively less important. 

In physics the Soviet Union leads the world in 
the study of great cold. This is largely due to the 
emphasis laid on gas liquefaction both in connection 
with the use of natural gas resources, and with the 
underground gasification of coal. As a result they 
have produced by far the best data on such matters 
as the boiling points of mixtures of liquefied gases, 
and also by far the most efficient methods for the 
liquefaction of helium. It is probable that Kapitza, 
who designed the apparatus in question, and also 
studied the properties of liquid helium, has now 
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switched over, as a pupil of Rutherford, to the 
physics of atomic nuclei. In this, which was until 
recently the most “highbrow’’ field of physics 
and is now a vciy practical one, So\'iet workers 
have so far published comparatively little, ihougli 
to take one example, they first showed that “cos¬ 
mic rays” consist mainly of particles. 

Another branch of physics where Soviet workers 
lank very high is the physics of the solid state. 
Yoffe and his colleagues have shown that rock salt 
crystals are considerably stronger than steel if 
they arc prevented from forming cracks at the 
surface. Unfortunately, the only method .so far 
found of doing so is to keep on dissolving this sur¬ 
face, so the strength does not last very long. I 
mention this as a typical example of fundamental 
research which has found no application, because 
many people honestly bclic\'c that no fundamental 
research is done in tlic U.S.S.R. 

Soviet biochemists have recently made two fun¬ 
damental discoveries. Engelhari and Lyubimova 
liavc found that the same muscle protein which 
fas had been shown in Britain and America) liber¬ 
ates energy by catalysing the breakdown of a certain 
unstable compound, also changes itself in the pro¬ 
cess, and is responsible for the contraction of the 
muscle. I can imagine no discovety in pure science 
which would have pleased Marx more. Braun- 
.stcin showed that another enzyme is responsible for 
interchanges of atoms between proteins of the 
living substance, so that they turn out to be a 
good deal more alive or at any rate less static than 
had been thought. 

Physiologists have specially investigated the acuity 
of the human senses, for example, the smallest 
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number of quanta which the eye can perceive, 
and the influences which raise or lower sensitivity, 
rhere is no doubt of the achievements of Soviet 
surgeons, notably Filatov, who has successfully 
saved many eyes by grafting corneae from the 
dead to the living. On the other hand the remark¬ 
able claims made by Bogomoletz for his anlireti- 
culocyte serum are still under investigation. In 
any case there has been solid progress in the diag¬ 
nosis, prevention, and cure of a number of diseases, 
particularly of those prevalent in the Asiatic parts 
of the Union, together with great strides in indus¬ 
trial hygiene, notably that of anthracite miners. 

Science plays a bigger part in Soviet education 
than in that of any other country. The full results 
of this fact will not be seen for another generation. 
The quality of Soviet science is still uneven be¬ 
cause in the immense expansion after the Revolu¬ 
tion there were responsible jobs for everyone with 
a scientific training. The majority of the younger 
generation will not get so far, but the standard of 
the picked few will be higher. 

Within the last few >’031*8 there has been a con¬ 
siderable separation between the universities and 
the research institutes. Many foreigners regard 
this as a backward step. It would certainly be so 
in most countries. In England the gap is between 
academic science on the one hand and industrial 
and military on the other, the latter two being 
more or less secret. In the Soviet Union the 
tendency is to associate a good deal of pure or 
fundamental research with industry or war. For 
example, the Academy of Military Medicine before 
the war was working on chemical changes in devel- 
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oping eggs. The same man cannot do pure re¬ 
search, teaching, and application at all thoroughh. 
Only time will show whether the Soviet policy is 
correct. It may or may not lower the standard ot 
teaching. It will tend to bring research nearer to 
practical problems. This has its dangers and its 
advantages. As the scientific level of the average 
citizen rises I think that the advantages will out¬ 
weigh the dangers. 

It is impossible to predict the future, but judging 
from the quality and quantity of the work so far 
done, and the solid preparations made for future 
work, it is entirely possible that a generation hence 
the contribution of the Soviet Union to many 
fields of science will be as obviously greater than 
those of any other country as are those ot‘ the 
United States to-day. 




PART IV 


SCIENCE FOR SOCIETY 





AVERAGES 


YOU CANNOT GET F/VR IN ECONOAUCS OR POLITICS 

without using statistics. And you cannot get far 
in statistics without using an average—for example, 
the average wage of a woman in tlie engineering 
industry, or the average age at death of an anthra¬ 
cite miner. 

Now an average has two functions. First of all, 
it is representative. It gives one an idea of the size 
of a fairly typical member of the group and makes 
a comparison between groups possible. One can 
say at once that, on the whole, women in the 
British engineering industry get less pay than men, 
but a very great deal more than men in Indian 
industry. Similarly anthracite miners on the 
whole do not live so long as other coal miners, 
but live longer than slate quarriers. Secondly, the 
average tells you exaedy what share each indivi¬ 
dual would get of money, land, or any commodity 
which can be divided up, if it were shared out 
equally.. 

Now, when you know the average, you can 
answer the second question exaedy. But the aver¬ 
age is, not necessarily representadve. 

Suppose there are two villages, each with twenty 
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families. In the first village one family has an 
income of 10,000 per year, and nineteen have an 
income of £150. In the second village ten families 
have an income of £,*^00 and ten of ^200. 

Then the average family income in the first 
village is ^642 los., in the second it is £250. Yet 
on the whole the people in the second village are 
richer. If you pick a family at random from each 
village, it is nineteen to one that the family from 
the second village will be richer. We can only say 
that the first village would be richer if the incomes 
were divided evenly; but that is a big “if”. 

How can we choose a representative value so 
as to get over fallacies of this kind? Instead of the 
average we choose what is called the median. If 
you stand 101 men in a row and measure the height 
of the middle man, you get a height which is often 
more representative than the average. There are 
as many taller than the median height as there are 
shorter than it. In the first village the median 
income would be £150, in the second between 
;^200 and £300. It is intpossible to compare real 
wages in Britain and the Soviet Union very accur¬ 
ately. The average productivity of labour is less 
in the U.S.S.R., so the mean real wage is lower. 
But incomes are much more evenly distributed, 
so the median, if it is lower in the Soviet Union, 
is not much so. 

And long before the mean income in the Soviet 
Union exceeds our own, its median will have done 
so unless we change our economic system very 
quickly indeed. 

Another advantage of the median is that it 
enables you to give a representative value for qual- 
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ities which cannot be measured, but which can 
be put in order. I am probably less musical than 
most of my readers, and better at mathematics. 
But there is no sense in saying that I am half as 
musical as you, or three times as mathematical. 

Sometimes, but not always, the mean, or aver¬ 
age, is roughly equal to the median. This is so for 
heights of human adults, but it is not so for ^veights. 
rhe average weight of Englishmen about 1880 was 
156 pounds. But the median was only 147 pounds. 
This is because in a sample of 8,000 men there were 
some very fat ones. Ten weighed over 250 pounds 
whereas none weighed under 90 pounds. So the 
fat men helped in the average, but each counted 
no more for the median than if they had weighed 
only, say 200 pounds. 

In the same way very rich men have a large 
effect on the average income, but very little on 
the median. If we keep these distinctions in mind, 
we shall avoid being taken in by arguments about 
averages. 

When we have determined our average, or our 
median value, we next want to know something 
about the spread round it. Clearly, for example, 
the spread of human weights is bigger than the 
spread of heights. Quite a number of people weigh 
half as much again as the average, that is, over 
234 pounds. But the average male height is about 
5 ft. 8 ins., and a man who measures 8 ft. 4 ins., can 
make a living as a giant in a circus. 

Probably the best measures of the spread are 
by means of what are called the quartiles. If we 
measure the twenty-sixth man from the top and bot¬ 
tom in our row of loi men arranged according to 
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Iieight, they will give us the upper and lower 
quartiles. One-quarter of the heights exceed the 
upper quartile, one-quarter fall below the lower 
quartile. In this case the quartiles are about two 
inches above and below the median. 

The difference between quartiles, divided by 
the median, gives a fair idea of the spread. This 
is only about six per cent, for heights, but probably 
over a hundred per cent, for incomes of English 
adults. The total range does not give such a good 
idea. A sample of a thousand people might happen 
to include a dwarf or a giant, but probably would 
not. So the range which includes the middle half 
or the middle four-fifths of the population is more 
useful. 

There is only one case where the extremes matter, 
and that is when they are socially valuable. One 
Newton is worth a thousand schoolteachers with 
mathematical degrees, one Beethoven worth a 
thousand men who can improvise on the piano. 
It may be that in such cases a high range of attain¬ 
ments is more important than a high average. 

Of course, statisticians have devised a number of 
other ways of picking out a representative on the 
one hand, and measuring the spread round it on 
the other. But if we understand the meaning of 
an average, and the false conclusions which can 
be reached by using it wrongly, we sh^ have 
made a. good start in understanding statistics. 



ARE THINGS WHAT THEY SEEM? 


DURING A DISCUSSION ARISING FROM AN ARTICI.F, 1 

wrote on the laie Sir Artliur Eddington a reader 
remarked that things are not what they seem. 
There is, of course, some truth in this statement, 
but I believe it would be a good deal truer to say 
that things are what they seem and a great deal 
more as well. 

Everyone knows that one can be deceived by 
appearances. One reason why, even in the days 
of personal rationing, smash-and-grab thieves do 
not raid sweet shops was that the objects in them 
which looked like chocolates were often dummies 
made of sealing wax. Our ears can deceive us, as 
when we take a rattling window for a distant 
bomb, our tongues when we take saccharine for 
sugar, and so on. 

We only know about things through our senses. 
These senses include not only sight, hearing, touch, 
smell and taste, with minor senses such as that of 
temperature, but the very important muscular sense. 
This tells us, for example, that it is harder to lift 
a chair than a feather, and a great deal of our 
knowledge of matter comes through it. 

Each sense gives us a different kind of informa- 
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lion about matter. What kind of information i( 
will give depends on the structure of the sense 
organ. Thus our ears respond to vibrations in the 
air with frequencies from abotit 30 to 30,000 per 
.second, and each frequency gives its own sensa¬ 
tion. Our eyes respond to electro-magnetic vibra¬ 
tions with frequencies of 15 to 30 thousand million 
million per second. W'e do not feel these as vibra¬ 
tions, but as tones or coloui's. At first sight this 
seems to prove that our senses deceive us. We see 
a vibrating siring, and hear a stead)’ musical note. 
How can both senses give us correct information? 
In the nineteenth century there was no answer. 

In the twentieth century, physicists, notably 
Planck and Einstein, found that radiant energy 
was taken up and given out by matter, not con¬ 
tinuously, but in packets called quanta, whose 
size is proportional to the frequency of the vibra¬ 
tion. So long as it is travelling, light behaves as 
a train of electro-magnetic waves; but it is emitted 
and absorbed as units called photons, and those 
of violet light are twice as big as those of red light. 
As the So\iet physicist Frenkel pointed out, the 
same is true for sound. 

Physicists who have no knowledge of dialectics 
arc troubled by this contradiction in the proper¬ 
ties of matter. But the contradiction is not really 
a new one. It is already there when we see a piano 
string vibrating and hear a steady note. 

It is as intelligible that energy packets of differ¬ 
ent sizes should have different properties as that 
pennies should differ from half-pennies, though, 
of course, we do not yet know why they have the 
particular qualities which we perceive, 
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We can only perceive one octave of electro¬ 
magnetic vibrations directly. The wavelength of 
the reddest light we can sec is only twice that of 
the deepest violci. W c have to use apparatus to 
translate the others into forms of energy which 
our senses can pick up. For example, wc translate 
X-rays, which have a higher vibration frequency, 
into light with a Huorcsccnt screen or a photo¬ 
graphic plate. We translate radio waves with a 
lower frequency than visible light into sound with 
a radio-receiving set, or into light with the appara¬ 
tus used by bombei's for bombing through cloud. 

If wc had a more complete set of sense organs 
we should perceive X-rays and radio waves dircctlv'. 
and they would give us sensations of a kind which, 
of course, w'e cannot imagine. Other animals 
certainly perceive things which wc cannot. For 
example, bees can distinguish colours in the ultra¬ 
violet, and bats guide themselves by using souml 
waves too short for us to hear, which arc reflected 
from objects around them, like the light from a 
car’s headlamps. 

Probably no animal has a much bigger range 
of senses than oui*selvcs. For example, dogs can 
distinguish more smells than men, but are colour¬ 
blind. But if wc had all the senses of other animals, 
wc should perceive directly a good many things 
and processes which wc only know indirccih' 
through special apparatus. 

In fact, wc only appreciate a tiny fraction ol' 
the qualities which there must be in the world. 
Physicists learn about the existence of radio waves 
as a blind man, by doing experiments in which 
the heating effect of light is used, could discover 
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that something came from the sun which was re¬ 
flected by a polished surface and concentrated by 
a lens. Kut, of course, they do not know what 
quality they would find in these waves if they per¬ 
ceived them directly. 

A baby gradually learns to fit its various sensa¬ 
tions together. They tell it a rather contradictory 
story. There arc things that one can see but not 
touch, like the sun or an image in a mirror. There 
arc others that one can feel but not see, like the 
heat in a hot plate. Adults take these contradictions 
for granted, and build up a picture of the world 
which works fairly ^^’cll. 

But further study shows new contradictions. 
Eddington did not believe in the reality of solid 
objects because, when investigated by physicists, 
they turned out to consist mainly of empty space 
of which only a tiny fraction was occupied by 
rapidly moving particles. If he had possessed an 
ultra-microscopic eye with which he had per¬ 
ceived these particles ever since he was a baby, 
this contradiction would have affected him less. 
The universe is certainly queer. There are doubt¬ 
less more things in it than are dreamt of in any 
philosophy. But that does not mean that it is not 
real, or that the scientific account of it is not true 
as far as it goes, and is not in fact the nearest 
approach to truth which we can make at the 
present time. 



SHAPES AND WEIGHTS 


BIOLOGY HAS BEEN VERY LARGELY A MAT'PER OF 

cataloguing shapes. The botanist must be able to 
distinguish wheat from barley, the zoologist must 
know ship rats from sewer rats. The geologist can 
date a rock from the shells in it, and use his know¬ 
ledge to predict whether coal or oil will be found 
in it. And comparative morphology is essential 
for the study of evolution. 

But animal shapes, as well as their sizes, change 
with time. All the parts of a human baby are 
smaller than those of an adult; but the trunk grows 
quicker than the head, and the limbs quicker than 
the trunk. In different words, if the baby were 
six feet long, it would have an enormous head and 
\'cry short arms and legs. 

In fact, the growth rates of various parts of the 
body are different. The laws of relative growth 
are, moreover, very different in different animab. 

For example, a baby horse has long, thin legs. 
Its trunk subsequently grows quicker than its legs, 
fhb is clearly an adaptation. For in wild life it may 
have to start running the day it is born. But its food 
is milk, which is much more easily digested than g^rass, 
so it can carry on with a smaller digestive apparatus, 
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Georges Teissier in France and, independently, 
J. S. Huxley in Britain, measured and weighed 
difFerenl organs of a great many animal species, 
and arrived at a general law which they describe 
as allometry. 

Suppose a crab weighs an ounce and one of its 
claws weighs one-hundredth of an ounce, then if 
the claw and the crab grow at the same rate, when 
the crab weighs two ounces the claw will weigh a 
fiftieth of an ounce. But if the claw grows twice as 
fast as the crab, which is the case in some species, 
then it will weigh one twenty-fifth of an ounce, and 
so on. In fact one can calculate that if the crab, 
apart from its claws, could reach a weight of a 
hundred ounces, the claw would weigh a hundred 
ounces, too. Actually, the crab does not grow to 
this size. 

On the other hand, the brain grows more slowly 
than the rest of the body. If you weigh the brains 
of cats of different ages, you find that a kitten’s 
brain weight is a bigger fraction of its total weight 
than a cat’s. What is more, the principle applies 
to different closely related species. For example, a 
lion’s brain is bigger than a cat’s, but is a much 
smaller fraction of its total body weight. 

The laws followed can be stated mathematically, 
and are followed with considerable precision. 
Again, women, on an average, have smaller brains 
than men. But their brains are not small compared 
with those of men of the same stature. The rich 
on an average, have larger brains than the poor. 
But their bodies are even larger in proportion, 
presumably because they are better fed and have 
less crippling diseases, such as tuberculosis. 
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On the wliole, Teissier worked with small 
animals, and even ^^ith single cells, while Huxle> 
interested himself especially in large animals. Foi 
example, he showed that the antlers of deer gre^^ 
more than proportionniel)- to their body weight. 
British red deer arc poor crcatiiivs compared with 
those of the Carpathians. The\' seldom have more 
than a dozen points on their antlers, compared 
with twenty or more in the Caipaihians. This is 
not because they are a degenerate race, but be¬ 
cause they arc badly fed. When the Duchess of 
Sutherland, and other Scottish landowners, evicted 
men, women and children to make room for deer 
they did not even pul the deer under good con¬ 
ditions. When Scottish red deer are let loose in 
New Zealand, their body weight doubles and the 
weight of their antlers is more than doubled in 
two or three generations. 

riiere is nothing surprising about the principle 
of allomeiry. Every engineer knows that a model 
may give very misleading results. If you tried to 
argue from a scale model of a building to the full- 
scale building, you would have plenty of accidents. 
For when you increase your linear dimensions ten¬ 
fold, you increase weights a thousand times. Hence 
each square inch of brick or concrete must bear 
ten limes the weight which it docs in the model. 
Similar but more complicated princi])les hold for 
ships and aeroplanes. 

Teissier has worked on a number of other bio¬ 
logical problems. For example, he has worked 
w'ith I’Heritier on inheritance. In the fly Drosophila 
melanogaster, which was supposed to be the perfect 
example of inheritance according to MendeFs laws. 
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ihey discovered a character which has inherited 
quite differently. 

Teissier’s work had prepared him to accept 
Marxist theory. He has shown how quantity 
cl)anges into quality in animal growth. A large 
animal is not just an enlargement of a small animal 
of the same species. Some of its parts are relatively 
bigger, and others relatively smaller, so that its 
shape is different. Human organisations follow 
similar laws. A group working on a job will natur¬ 
ally choose one of their number to organise the 
work. This happens in collective organisations 
in the Soviet Union. I’he crew of a Soviet fishing 
boat have to obey their skipper; and the discipline 
at sea is probably as good as under capitalism or 
better, though the laws forbidding exploitation of 
the crew are stricter. 

But when an organisation gets larger, its head 
may easily develop into an absentee landlord or 
financier quite out of touch with the workers. In 
fact, large human organisations always lead to 
oppression unless there is a democratic machinery 
to prevent it. 

VVe must always be careful of arguing from biol¬ 
ogy to politics and economics. But I do not think 
it is hard to sec how Teissier’s biological work led 
him to the view that the time is ripe for a radical 
change in the structure of French society. 



BLOOD DONORS IN THE FUTURE 


BLOOD TRANSl-USION IS NOW >'AM!LLVK TO EVERYONE. 

At first the transfusions were always of whole blood. 
The obvious idea, if a man has lost a quart of 
blood, is to give him a quart of someone elsc^s. In 
a great many cases this obvious idea is correct. 

But it is often sufficient to make up the volume 
with plasma, the fluid part of the blood which 
remains after the red corpuscles have been spun 
off. This is easily done in a centrifuge, as the 
corpuscles arc considerably denser than the plasma. 
Provided the volume is made up to normal, it 
docs not much matter that there are fewer cor¬ 
puscles than usual in a pint of blood. If the blood 
is diluted in this way, the patient gets short of 
breath if he takes exercise, but is quite comfortable 
when at rest. For we do not need the full oxygen- 
carr>'ing power of the blood except when we are 
working hard. But we do need the full normal 
volume of blood. If this is reduced, the blood 
stagnates in the veins of the lower part of the body, 
and not enough is returned to the heart to allow 
it to pump blood up to the head. It is not enough 
to make up the blood volume with water, or even 
with a mixture of water, salts, and sugar. This 

187 



188 


WIIAl IS LIFE? 


leaks out of ilic bloodstream unless it is accompanied 
by the large molecules found in the plasma, which 
cannot leak out through the blood vessel walls, and 
hold back the water and salts. 

Blood plasma will keep much longer than whole 
blood, and can be dried or frozen. The British and 
American armies have used dried plasma on a 
large scale, dissolving it in water \\hcn needed. 
The Red Army, for obvious reasons, made more 
use of frozen plasma. Even the dried plasma is 
prepared by first freezing it and then removing 
the water in a \acuum. since the plasma proteins 
are unstable \shcn dried above freezing point. 
But the Americans ha\e goiie a great deal Airther 
than this. So perhaps have the British and Russians, 
but if so they ha\ c not told the world. The plasma 
contains a great many diflerent proteins, and Pro¬ 
fessor Cohn of Harvard, and his colleagues, liavc 
worked out methods for separating them on a ^ ast 
scale. 

.\boui half the proteins of plasma are called 
albumin, from tlieir resemblance to the main 
jjrotein of egg ^vhite. They can be separated and 
made into a strong solution, each pint of which, 
on injection, ^\ ill cause an increase in blood volume 
of four or five pints. Tliis has proved particularly 
valuable in treating shock and burns, which cause 
a big loss of fluid from the blood. Another fraction 
consists mainly of fibrinogen, the very sticky pro¬ 
tein which coagulates to form blood clot. It clots 
on combination with another protein, thrombin, 
which is formed when blood comes into contact 
with damaged tissue cells, and can also be purified. 
Once fairly pure fibrinogen is available, large 
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artificial blood clots can be made. One form is a 
strong, elastic sheet, which is particularh useful in 
covering the brain surface after an operation, to 
prevent it sticking to other tissues. 

Another form used is a spongy structure which 
is soaked in thrombin solution, and instantly con¬ 
trols bleeding even from an organ such as the liver 
or kidney which contains very many blood vessels. 
These artificial clots have mechanical properties 
like those of rubber or sponge, with the immense 
advantage that if they arc left in the body tlicy are 
gradually invaded by cells, and removed or re¬ 
placed by scar tissue, like a natural clot. 

Another fraction, called the gamma-globulins, 
contains the anti-bodies which are responsible for 
immunity against certain diseases. This fraction 
is about twenty-hve times as cHcctive as whole 
plasma or scrum. It has been used in the pro¬ 
phylaxis of measles, and striking results arc claimed. 
Of 2,000 children in New York and other cities 
who were injected with a gamma-globulin con¬ 
centrate after exposure to measles only 600 devel¬ 
oped any symptoms at all, and only sixty got what 
was described as an average attack of measles. 
The results on mumj)s, influenza, and other dis¬ 
eases, look hopeful. But a lot more will have to 
be done in checking results before such methods 
can be recommended for uniN'ersal adoption. 

Above all, these substances arc beautiful media 
for bacterial growth, and a number of people have 
been killed by the injection of infected sera. If they 
are properly prepared and properly used the danger 
is very small. But the danger of infection is vastly 
increased if they arc administered by a general 
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practitionei in ihe intervals of his other work. 
Asepsis is far easier at a hospital or a health centre 
than in a doctor’s surgery. 

Olhei fractions include some of the hormones 
and other substances which help to regulate the 
body's activities. They have not >et been concen¬ 
trated sulficicntly to be of practical value, but they 
probably will be. 

J 3 lood donors cati look forward to a rather differ¬ 
ent held of usefulness in the next generation. There 
will €ib\'a\s be a demand for whole blood to deal 
with accidents and anaemia. But specially qualified 
people will be wanted to provide particular sul^- 
stanccs. When we next have a severe epidemic of 
influenza, then if our medical organisation has 
developed suflicicntly, those who get it in the first 
month, and rcco\cr, may be able to save a good 
many Ines by providing anti-bodies for the rest 
ol the population. Suflercrs from Iiaemophilia may 
be kept in health by weekly injections from suit- 
ably qualified donors. Prol^ably as time goes on 
we shall rely less on horses to protect us against 
diphtheria and tetanus, and prefer to get our anti¬ 
toxins from our own species. 

We may go much further and deal with other 
oigans as we do with blood. Doctors and experi¬ 
mental biologists in the Soviet Union have led the 
way in the study of grafting in plants, animals, 
and men. The latest news of this work deals with 
the experiments of Professor Sinitsin. He had 
already succeeded in removing a frog’s heart and 
transplanting that of another frog. The combina¬ 
tions lived for over six months, and became fathers 
and mothers. He has notv grafted the heart of one 



BLOOD DONORS IN THE FUTURE IQI 

dog, cal, or rabbit oalo the neck of anoiher, and 
joined them up with the circulatory sysLcin, so 
tliat one dog has two hearts working. The con¬ 
ditions for successful grafting in men will doubtless 
be at least as complicated as those for succcsstul 
blood transfusion. W hen thev arc mastered there 
seems no reason wdiy a heart from a person who 
has been killed accidentally, or died from a disease 
not affecting the heart, should not be grafted on to 
a patient with severe heart disease. It wouhl then 
take over the w^ork of the sick heart, \vhich could 
be removed if necessary. This is some way in the 
future; but it is not an idle dream, though some 
people may think it a disgusting one. 1 ha\ c seen 
enough young people dying of heart disease to 
relish the prospect that if 1 die, say of a cerebral 
tumour or a street accident, my heart will go on 
doing a job after 1 am dead. 
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A GREAT MANY CHII.DREN ARE CERTIIIEU AS MENT- 

ally clefcclivc, sent to special schools, and often 
deprived of a good deal of liberty throughout their 
lives. Many pcojdc think that the proportion of 
defectives is increasing, and that our average 
intelligence is declining too. Some also believe 
that mental defectives should be sterilised, as many 
have been in Germany. 

Now I have no doubt at all that there arc genuine 
mental defectives for whom there is no cure in the 
present stale of our medical knowledge. But I have 
also no doubt that the children in special schools 
and the adults in institutions include a number 
whose defect is not mental, but sensory. This is 
strikingly brought out in a recent article in the 
British Medical Journal by Dr. Mary Sheridan, 
assistant School Medical OlTiccr in Manchester. 

Everyone knows that blind children cannot 
learn to read, but c.\treme short sight or astigmatism 
may make reading very difficult and yet not be 
noticed without a medical examination. One of 
Kipling’s best short stories is an obviously autobio¬ 
graphical account of a boy at a boarding school 
treated as a mental defecti\'e because he needed 
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spectacles. It is easy to detect total or almost total 
blindness, but testing for short sight, astigmatism 
or colour-blindness is a skilled job. Similarly it 
is easy to detect total deafness. But only in the last 
few years have methods been invented for measuring 
partial deafness. 

Total deafness has long been known to be a 
cause of mental defect. The minds of deaf and dumb 
children do not develop unless they arc taught to 
speak with their fingers or to read the lips of speak¬ 
ers, and finally to speak themselves. A man ma\ 
keep his mind on a desert island or in solitary con¬ 
finement, hut he can only develop it in society. 
Hearing difTers from sight in many ways. ^Vc can¬ 
not estimate the direction from which a sound 
comes with much accuracy. A dog can do it far 
belter. But we can distinguish vastly more sounds 
than colours. And we can also distinguish and 
remember complicated sound patterns in lime, for 
example, words, tunes, and Morse phrases, whereas 
visual patterns must be spread out in space. The 
modern audiometer is an instrument which pro¬ 
duces a great number of pure tones, each at a 
scries of graded intensities. Your hearing may be 
quite good at one end of ihe musical scale, and bad 
at the other. The most usual defects are at the 
high end. Some people have never heard a bat’s 
squeak. Others can hear it as children, but be¬ 
come deaf to it in middle life. This sort of deafness 
may be inborn, or due to injury. Boilermakers 
become deaf to the notes made by a riveting 
machine, and aeroplane pilots to those of their 
engines and propelloi's. 

In speech we use about octaves, being 
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belo^v the middle C ol a piano scale, and aboui 
5 above it. The very high notes, or rapid vibra¬ 
tions, play a small part in the vowels, but a big 
one in the consonants, especially s, f, and th. A 
child who is deaf to high tones will not only tend 
to say r for tii, or rii for s, v for l, and so on, but 
may be unable to distinguish them when others 
say them. Defective speech is often due to mal- 
Ibrmcd mouths, but inability to distinguish is usually 
due to deafness to high tones. Dr. Sheridan quotes 
the case of a girl certified as mentally defective and 
practically dumb. Her hearing appeared normal. 
She turned round when her name was called 
behind her back, and so on. But her hearing 
turned out to be “patchy”, only some notes being 
heard. At a school for the deaf she was rated as 
\'ery intelligent. 

A child with defects such as this might appear 
normal in China. The Cliincse depend far more 
than we do on vowels. The word \vhich ^ve trans¬ 
literate as “ho” has a number of different pronun¬ 
ciations, ^v•ith a different lone for the vowel. On 
tlie other hand Chinese do not easily distinguish 
our L and r. European languages, and especially 
English, include words with masses of consecutive 
consonants such as “sprints” which baflle Asiatics. 
Indians often say “United Estates” or “bockus”, 
while some Europeans in India cannot distinguish 
the Hindustani words for horse and European. 
So a child which could not learn English owing 
to partial deafness might be able to learn Chinese, 
and vice versa. 

Some cases of partial deafness can be remedied 
with special devices to amplify the high notes. 
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Other children must be taught lip-reading or deaf- 
and-dumb language. Hut they are no more ment¬ 
ally defective than if they were colour-blind, 
though they may become so if cut ofl from human 
speech; and it is very important that all allegedU 
defective children with speech defects should be 
tested in this w'ay. 

There is another moral to this story. Hearers ol 
English make more mistakes with consonants than 
vowels. This means that a public speaker who 
finds that his voice docs not carry will do better 
to get his consonants clear than to strain his voice 
by shouting. If I am generally audible at the back 
of a hall, I attribute this to the fact that, in learning 
to speak to my grandmother, who lived to be a 
hundred, and was hard of hearing rather than deaf, 
I had to take pains with my consonants. 
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MKN CJO DOWN TO CON^lDtRABLE DEPTHS UNDER 

water for both peaceful and warlike purposes. 
As you go down the pressure increases. Suppose 
you have a vertical tube whose cross-section is a 
square metre, full of sea water. The amount of 
water in every ten metres of this tube weighs as 
much as would all the air in it if it went up, say to 
a height of fifty kilometres, above which there 
would be only a few milligrammes. This means 
that for every ten metres, or thirty-three feet, that we 
go down, we get an extra atmosphere’s pressure, 
riuis the total pressure at the surface is one atmos¬ 
phere, at thirty-three feet two atmospheres, at 330 
ect eleven atmospheres, and so on. 

Now a man can cope with this pressure in two 
ways. He can get into some kind of metal box 
which wiW resist the pressure, while the pressure 
inside the box stays at one atmosphere. The box 
may be a sphere, like that in which Beebe went 
down half a mile. It may be a submarine. Whether 
any submarines can dive more than about 500 
feet without caving in is a secret. Or it may be 
an armoured diving dress with more or less flexible 
joints. Such dresses work well enough near the 
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surface, but noi so wcW at great depths. Tlic 
reason is simple enough. The shoulder joint of a 
suit of armour must be a good deal broader than 
that of an ordinary greatcoat. 1 doubt if it could 
be cut down to an area of less than half a square 
loot. But let’s suppose it has been cut to fifty square 
inches. At 330 feet, or an excess pressure of ten 
atmospheres, the pressure on the joint is 10 x 50 x 
15 pounds, for an atmosphere is fifteen pounds 
per square inch. That makes 7 ) 5 ®*^ lbs., or about 
three tons, six cwt. Suppose by some miracle ol 
iubricalion the co-efficient of friction were cm 
down to one percent., this would mean that the diver 
would have to exert a force of seventy-five lbs., when¬ 
ever he wanted to raise his arm. And things would 
be woi-se at greater depths. There is no future in 
armoured dresses. There is a future in pressure-tight 
chambers where the diver can sit comfortably and 
operate machinery by electrical control. So far. 
however, such chambers have been most success¬ 
fully used with a telephone to direct operators in 
the parent ship as to how to use a grab or where 
to place an explosive charge. 

The other way to cope \vith pressure is to sub¬ 
mit to it. In this case one must breathe air at the 
same pressure as the water outside. The reason is 
simple. Supposing a man with air at one atmos¬ 
phere’s pressure inside his lungs were suddenly 
subjected to water pressure at 330 feet, and suppose 
that on a life-size X-ray photograph his lungs 
cover half a square foot. At 330 feet he would 
have over three tons more of pressure on the outside 
of his chest than on the inside. It would be a quick 
death! The surprising thing is that balanced 
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pressure is completely harmless, and is not even 
felt. Our tissues transmit pressure as smoothly 
and evenly as if they ^vc^e completely fluid. They 
give way to an extent which can barely be meas¬ 
ured. Actually your volume is reduced by about 
one twenty-thousandth for each atmosphere. But 
>'ou don’t notice this any more than you notice 
the fifteen lbs. pressure on each square inch of 
your skin in everyday life. 

There are many different kinds of diving dress. 
The standard type is made of very heavy rubber¬ 
ised twill, and is made in one piece coming up to 
the lop of the diver’s chest. He gets in and works 
his hands out through the armholes. Then a 
breastplate is screwed into the upper edge of the 
dress, and his attendant gives him lead-soled boots 
and rubber bands round the wrists which should, 
but may or may not, keep the water out of his 
sleeves without stopping the blood flow into his 
hands. A steel helmet is screwed on, with an air hole, 
a telephone, and an exit valve for air. Forty pounds 
of lead are hung on his chest and as many on his 
back. A glass window is screwed into the front of 
his helmet. (I had to reduce my moustache from 
Kaiser Wilhelm’s size to nearer Hitler’s size because 
it used to get caught in the screw-thread.) Then 
he goes down a ladder for six feet or so, after 
which he usually transfers to a rope with a lead 
shot at the bottom. Meanwhile air is sent down 
to him. The air must be delivered at a pressure 
equal to that of the water round him. This is 
easily achieved with a pump if he is only down 
30 feet or so. But if he is at 300 feet the air must 
be compressed to ten atmospheres’ pressure, that 
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is to say, into one tenth of its volume. I his needs 
specially designed pumps, and either several teams 
of very powerful men taking spells on it, or better 
a small motor with its exhaust well awav from ilu 
air intake. The modern tendency is to replace 
the pump by a battery of compressed air cylinders 
(bottles, tlie Navy calls them). If this is done, 
some other gas mixture can be used instead of air. 

The hose pipe is armoured with wire spirals 
between layers of rubberised cloth, and goes to 
the diver’s helmet through a non-return valve. 
Tliis is an essential safety device. If the air-pump 
fails and the valve starts leaking backwards the 
water pressure forces the diver up into his helmet. 
His blood and much of his flesh go up the hose 
]3ipc, and all that is left in the dress are his bones 
and some ragsofflesh. Thishashappened. But norm¬ 
ally he gels a good stream of compressed air which 
inflatc.s his dress until, in spite of the lead weights, 
his net weight is only a few pounds. He adjusts 
tliis by opening or closing the screw of the exit 
valve in his helmet, no more thinking about it 
than a cyclist thinks of how to balance his machine. 

In warm water one can wear a dress coming down 
to the waist only. But the main other type worth 
mentioning is the self-contained. Here the diver 
takes hi.s own air supply with him in steel bottles. 
The dress may be as described above, but the men 
who went into enemy ports during the war wore 
skinfitting dresses and breathed through a mouth¬ 
piece into a rubber bag which the Americans call 
a counter-lung because it expands when the lungs 
contract, and conversely. If the diver is supplied 
with pure oxygen and has a canister of soda-lime 

o 
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mixture in the counter-lung to absorb the carbon 
dioxide which he breathes out, it is obvious that 
he need not form any bubbles. It is also obvious 
that if you arc trying to fix a time-bomb to the 
bottom of a German battleship you have a fair 
chance of dying anyway, but this is considerably 
increased if you produce quantities of bubbles. 
Even if there is no enemy near, compressed oxygen 
will last you about ten times as long as the same 
\ olume of compressed air. 

The Davis submarine-escape apparatus is the 
simplest form of diving apparatus. It consists 
simply of a counter-lung with a small oxygen 
cylinder and soda-lime canister, and a mouth¬ 
piece. It is meant for gelling out of a submarine, 
but has often been used to do a job of work. 

My main job during the war was to tackle the 
physiological dangers to which divers and men 
trying to escape from submarines were exposed, 
apart from any enemy action. I didn’t even tr)' 
to tackle all of these. And I was only one of a 
number of scientists on the job, some under my 
direction, others taking orders from the Royal 
Naval Physiological Laboratoiy, an excellent in¬ 
stitution established during the war, and the 
Medical Research Council. Apart from the Navy, 
we got invaluable help from Messrs. Siebe Gorman 
& Co., the well-known makers of diving dresses, 
and I certainly owe my life to the reliable nature 
of their products. 

A lot of our work was done “in the dry” in com¬ 
pressed air, for many of a diver’s troubles arc simply 
due to the pressure, and you can give good imita¬ 
tions of them and find out how to prevent them, 
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without going under water. Most oi our "dry 
work was done in Siebe Gorman’s Chamber No. 

This is a steel cylinder like a boiler. It lies on 
its side and is eight feet long and four feel in diam¬ 
eter. So three people can sit in it, but one can't 
begin to stand up. At one end is a steel door. This 
opens inwards and has a rubber Hange, so once 
there is a good air pressure inside, it is c.vtremch 
tight. There arc some glass plugs in the side and 
in the door which act as windows, and. of course, 
inlets and outlets for air, but no lamps or tele¬ 
phone inside. One communicates by a code ol 
taps, by shouting, or by holding messages to the 
Window. This factory has no water more than (went\ 
feet deep, so to simulate a di\c we used a steel 
lank about six feet across and ten feet high. It had 
about seven feet of water in it, in which the di\ er 
could stand, sit, cratvl, or lie. There was a pulley 
with a weight so that the diver could do measured 
amounts of work, and a slate to write on. Abo\'e 
this was an air space where ilic attendant sat on 
a shelf with his feet in the water. He kept an eye 
on the diver and could haul him or her up with 
a rope if he or she lost consciousness. 

By letting compressed air into the air space, one 
could put any desired pressure on the water, and 
we were able to reproduce all the symptoms re¬ 
ported in genuine dives. There was one extra 
symptom. Divers arc tough men, but some of them 
got a genuine claustrophobia in this lank. They 
longed for the wide-open spaces of the sea bottom. 
Certainly it was a queer experience to wail under 
water in this rather dark tank, knowing that one 
might lose consciousness at any moment, and per- 
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haps wake up with a broken back, conceivably 
not wake up at all, and to look out through the 
very small window at butterflies, bicycles, and 
other familar things. My father called this tank 
(he Chamber ofHorrors. The Na\y called it the Pot. 

Such was our set up. Now for the dangers which 
wc had to investigate. The first, and least im- 
porlanl, group arises from very rapid changes of 
pressure. One feels pressure changes in one's cars, 
because if the pressure on the two sides of the druni 
is unequal, it is strained. The drum is a thin 
membrane across a bony passage which goes 
from the outside to one’s throat, and incidentally 
was a gill-slit when our ancestors were fish. The 
air gets freely enough to the drum from the out¬ 
side, unless, indeed, one has a lot of wax in the 
ear. But the passage to the throat, called the 
Eustachian tube, is normally shut. Most people 
can open it by holding the nose and blowing 
\igorously. When the air pressure is raised, there 
is some pain in the cars, \vhich one relieves by 
blowing in this way, so as to equalise the pre.ssurc. 
Of course a diver cannot do this, as he has a window 
between his nose and linger. So he has to learn 
to open his Eustachian tubes. One method is to 
swallow. AV^hen you do so you may hear a clicking 
as the tubes open and shut. Another place where 
pain is often felt is in the frontal sinuses. These 
arc air spaces in the bone of the forehead which 
ought to open freely into the hose. But the passage 
may be blocked, and commonly is when one has 
a cold. Some people cannot even open their 
Eustachian lubes ^vhen they have a cold. I can, 
but if my sinuses are blocked I bleed in a spec- 
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taculai manner tVom the nose. One ot the methods 
for getting into Noitvegian fjords under water 
was to ride in a self-contained diving dress on a 
torpedo-like vxssel called a chariot. OccasioualK 
an inexpert charioteer put his chariot s nose down 
too fast. If so he was liable to hurt his ear, and one 
or two may have burst their drums. This makes 
one deaf for a month or so, but the drum generally 
heals up; and if a hole remains in it, although one 
is somewhat deaf, one can blow tobacco smoke 
out of the ear in question, which is a social accom¬ 
plishment. 

Airmen suffer from the same ear trouble, lo 
a diver, this is almost unintelligible. For the 
pressure changes which airmen experience are 
relatively very slow. The quickest “dive” I have 
done was in the dry from one to seven atmospheres 
pressure (the equivalent of surface lo 200 feet) in 
ninety seconds. Some divers have descended quicker 
than this, but not much quicker. The rate at which 
pressure increases is the same as a pilot would 
experience if his plane were diving vertically at 
1,500 m.p.h., or twice the speed of sound. At this 
veiy fast rate of compression or decompression 
one gets pain in teeth which have been filled. 
During compression the air does not get in quick 
enough to cavities under the filling, so the tooth 
may cave in. During ascent the compressed air 
cannot get out, and the tooth may explode. One 
of mine perished in this manner. 

The serious mechanical danger in rapid decom¬ 
pression affects very few people. But these few are born 
with weak patches in their lungs in which a bubble 
of air apparently gets nipped off, and these pockets 
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may huisl. i’he lung then collapses like the inner 
lube of a punctured tyre. Provided the other lung 
holds there is no great danger, though the 
patient must go to bed. If both collapse he dies. 
One of my colleagues, Dr. Rcndel, had a lung 
collapse in this way after a dry “dive”, and un¬ 
fortunately it has repeatedly done so since. It lias 
made him incapable of many kinds of hard work. 
The technical name for this condition, by the way, 
is pneumothorax, so called because there is air in 
the chest, between the lung and the ribs. 

In 1940 the view was current in the Navy that 
it took a long time to learn to stand rapid com¬ 
pression, and I rather think the qualified divers 
encouraged this superstition. ^Vhcn I told certain 
officers that I did not share it, they said that no 
doubt trained biologists could learn quickly, but 
ordinary pet^le could not. So I applied to the 
Communist Party for four tough guys of genuine 
working class origin with no experience of diving 
or compressed air work. VVe got every one of them 
up to a pressure of ten atmospheres (300 feet) in 
five minutes at the first attempt, though, of course, 
they were allowed to hold their noses. For one 
can hold one’s nose when Avearing the Davis 
apparatus, and at that time I was being asked for 
advice on submarine escape. I think one of them 
lost consciousness during the compression, but 
none of them asked for it to be stopped. I should 
say that, however psychologically tough one’s subjects 
may be, about one in four would have difficulty in 
opening his or her Eustachian tubes, and would burst 
one or both car drums if compressed at this rate. And 
it usually takes several dozen dives before one 
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can open them \vithout holding the nose or c\xn 
thinking about it. I suspect the Navy s trouble 
was partly due to the fact that a man can usualh 
learn to make a physiological adjustment ciuickci 
if you talk to him gently than if you shout at him 
Fortunately AVarrant Officer Brown, who instructed 
personnel for the Admiralty Experimental Diving 
Unit, realised this fact fully, and is in tact one ot 

the kindliest persons I know. 

Before we go on to discuss the reasons why clu crs 

get killed, it is worth while describing some ot the 
simple physical phenomena which one notices. 
Our chamber was filled from bottles containing 
air at loo or 120 atmospheres’ pressure. It cooler 
down a great deal as it left the bottles, but warmed 
up a bit on its way through the pipes. Howcveij 
the air in the chamber was rapidly compressed 
by the incoming air and became intensely hot. In 
fact, the temperature rose from about 60° F. to 
110° or more during a quick compression. n\ c liacl 
a flexible metal tube attached to the inlet so that 
we could blow the cool incoming air onto our 
faces. The reason for this heating is, of course, the 
same as the reason why your bicycle pump gets 
hot. Effectively we were inside a bicycle pump in 
which the air was being compressed with a piston 
of air. Similarly when some of the air was let out, 
what was left cooled down rapidly> and a fog 
formed, which cleared up in a few minutes, but 
left everything damp. This had a serious effect 
on our watches. Either a watch is more or less 
airtight, in which case the pressure strains it ve^ 
severely, or it is not, in which case fog forms in 
it during decompression, moisture condenses, the 
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s|)iing rusts through, and the watchmaker says 
\ ou should not drop your watch into the water. 

At ten atmospheres there is ten times as much 
air in a cubic inch as at normal pressure. You 
Teel hot and try to fan yourself with a newspaper. 
But liie resistance is so great that the newspaper 
tears to pieces. If you get hold of a large bit of 
cardboard for a fan, it is quite an effort to force it 
through the air. But if you then flap it towards a 
colleague four feet or so aw'ay, nothing happens 
for some seconds. Then you see his or her hair 
being violently disturbed. Your flapping has 
started a vortex ring w'hich travels slowly, but 
owing to the density of the air, has a considerable 
mechanical effect. Rather to my surprise I found 
that a canary could fly at ten atmospheres, though 
it did not do so very well. Small flies refused to 
do so, though they could walk. I suppose they 
found the resistance of the air too great for their 
fine wings. 

The human voice is greatly affected. English¬ 
men sound as if they were trying, not very success¬ 
fully, to imitate an American accent. Some musical 
instruments are also affected. At eleven atmos¬ 
pheres my colleague Dr. Case found that a flageo¬ 
let or ‘‘tin whistle” needed a greater effort to 
hlowy but gave a fuller and rounder note than 
normal, rather like that of a recorder. A tuning 
fork gave its normal note, but the pitch of an 
oboe’s reed was much reduced. We did not try 
any w'ooden instruments, as the compressed air 
soaks into the wood, and when it expands in the 
poi'es during decompression, quantities of resin 
are forced out. 
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Finally the air becomes efl'ectivcly stickier in 
rcrtain circumstances. In order to remove carbon 
diojdde one often has to breathe through a canister, 
rather like that of a gas mask, full of a coarse 
powder made of lime and soda. At atmospheric 
j)ressure this is easy, but at high pressure it may be 
very difficult. The volume of air per breath and 
the number of breaths per minute are unchanged. 
So at ten atmospheres one breathes ten times as 
much air per minute as at one, that is to say ten 
times the weight or ten times the number of mole¬ 
cules. At low pressures the flow is smooth, but at 
high pressures it becomes turbulent, that is to say 
eddies develop. So the resistance to breathing 
goes up, and one may breathe a very unpleasant 
dust. 


After these preliminaries we come to the real 
dangers. They arise from the fact that all gases 
dissolve in liquids, and the amount dissoK'cd is 
proportional to the pressure. Our body consists 
mainly of liquids, so at ten atmospheres there is, 
after a sufficiently lon^ stay, about ten times as 
much nitrogen in solution in our bodies as norm¬ 
ally. Our tissues use oxygen and make carbon 
dioxide, so these gases do not obey the rule so 
accurately. 

All gases are poisonous. This has not yet been 
proved, but I believe it to be true, and hope to 
make it plausible to my readers. All solids and 
liquids are not poisonous, because they do not 
dissolve in our blood and tissues. Thus a lead 
shrapnel bullet under the skin is not deadly, 
though lead acetate is so; and we can swallow 
paraffin oil with safety or even advantage, though 
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the same amount injected into a \ein would be 
fatal. In particular, nitrogen is a poison. 

If one is compressed to ten atmospheres one feels 
very abnormal. The feelings are rather like those 
of alcoholic intoxication, but perhaps more like 
those of mild intoxication with pcirol vapotn or 
nitrous oxide. I liavc little control o\ cr my thoughts, 
and my consciousness is invaded by childhood 
memories, and nonsensical ^vords which seem to 
be very impoitant. Another subject was first 
ashamed at finding a little nasal secretion on her 
hand, then ashamed at her shame, and finally 
convinced of the necessity either of divine grace or 
the extinction of her personal identity. At atmos¬ 
pheric pressure she is a materialist. Others merely 
“felt awfur’ or thought they were dying. A few 
\ccre elated. I had no abnormal sensations, except 
occasionally a curious velvety sensation on the 
lips, fii'St noted by Dr. Negrin, the former Spanish 
Prime Minister, who was compressed with me on 
one occasion. Others said that evei*ything felt 
like ivoiy or that their fingers felt like bananas. 
A few saw things as if through a white mist. 

For practical purposes, what matter are dis¬ 
turbances of behaviour. We used two tests. One 
consisted of putting little steel balls into holes, 
lifting them with the fingers and with special in¬ 
struments. The test was originally designed _ to 
weed out the clumsier candidates for the profession 
of dentistry. One compared the scores at one and 
ten atmospheres. The deterioration was quite 
slight. A good scorer was still good under pressure. 
But a number of the subjects were detected cheat¬ 
ing, for example, by using both hands. The other 
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test was doing niulliplicatioiis such as 7)1^^ ^ 5 ) ^37 
as quickly as possible. Here the deterioration was 
enormous. Instead of gelling about nine ^ms out 
of ten right, I usually got about three. One dis¬ 
tinguished Fellow of the Royal Society put down 
two figures in five minutes, one of whic^li was 
wrong, and said he thought it was a bloody silly 
test. The main difficulty with such tests was that 
the tester was usually as intoxicated as the testee, 
and often forgot to press the spindle ot his stop¬ 
watch, or to take proper notes. ^ 

Captain Behncke, of the United States iSav) 
Medical Corps, first showed that these symptoms 
disappear if a mixture of four volumes of helium 
and one of oxygen is breathed, that is to say Uie 
nitrogen in air is replaced by helium. Dr. 

Case and I showed that hydrogen is equally eflect- 
ive. We made up a mixture of one volume of an 
with nine of hydrogen. This contains only two 
per cent, of oxygen. But it contains as much oxy¬ 
gen per cubic inch as air at atmospheric pressure, 
and so as much oxygen is taken up by the blood 
going through the lungs. So it supplied all the 
oxygen ^ve needed. On the other hand there was 
not enough oxygen in it to render it explosive. 
So it was safe to store it in a cylinder. AVhereas 
with a possibly explosive mixture there is a chance 
that the friction as it leaves the cylinder may set 
it off. The moment we switched over from air to 
helium-oxygen or hydrogen-air we felt more normal 
within a few seconds, and were capable of doing 
arithmetic within one or two minutes. 

A Swedish engineer called Zetterstrom inde¬ 
pendently, though slightly later, discovered that 
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hydrogen \\as as good as helium. He used a inix- 
(ui e of four per cent, of oxygen with the gas, con¬ 
sisting of three volumes of hydrogen to one of 
nitrogen, ^\hich is made by “cracking” ammonia. 
He also used a riilrogcn-air mixture for switching 
over from air to the mixture used at great depths, 
so that at no time was the mixture in his suit ex- 
plosi\ e. With these mixtures he descended to a 
depth of 450 feet and ans^vered the telephone 
rationally. Unfortunately he ^vas pulled up by 
means of a platform; and owing to some mistake, 
which has not been very adequately explained, 
this ^vas done too rapidly, and he died of bubbles 
in the blood, in the way which I shall explain later. 
Since helium is almost a monopoly of one of the 
great American oil trusts, it will doubtless con¬ 
tinue to be boosted. But hydrogen is probably as 
safe as helium, and certainly vastly cheaper. 
Zetterstrom’s death was due to an error committed 
at the surface. 

It is a surprising fact that argon has the same 
eftects as nitrogen, and at somewhat lower pres¬ 
sures. As it docs not combine with anything, this 
makes it fairly clear that the narcotic effect is 
simply due to nitrogen and argon getting in the 
way of the normal processes in cells. If so, it is 
reasonably sure that hydrogen and helium would 
have similar eftects at very high pressures, and 
neon at an intermediate one. One minor point is 
\vorth noting. The narcotic action of nitrogen was 
discovered on men. Baboons compressed to fifteen 
atmospheres sho\ved no abnormal behaviour. An 
eminent psychologist (who had not himself 
been under high pressure) gave a psycho- 
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logical explanation of the eUcct ol compressed air 
on human behaviour. As a mistake under water 
can easily be fatal, the baboons and the psy¬ 
chologist between them probably have some deaths 
to answer for. 

Oxygen is a poison of quite a dilferent sort. 'I’hcrc 
are two kinds of symptoms. At high pressure the 
symptoms are nereous. One ends up with loss ol 
consciousness and a convulsion quite like an 
ordinary epileptic fit, except that occasionally the 
muscular contractions are Niolcnt enough to break 
a bone. Before the fit there arc almost always 
vague feelings of discomfort. Usually, though 
certainly not always, the muscles of the face stifl'en 
and begin to twitch. Some people get uncontrol¬ 
lable hiccups. There is never any confusion like 
that produced by nitrogen. Unfortunately certain 
people often get no warning signs, though I geticr- 
ally do so myself. 

At pressures below three atmospheres one may- 
last long enough without a lit to develop lung 
iiritation. This begins as mild coughing, followed 
by pain, and develops into a pneumonia which 
may be fatal. However, it is of very little practical 
importance. At two and one-half atmospheres 
(50 ft.) I did not even start coughing for three 
and one-half houi-s, and when I knocked off after 
four and one-half I had nothing worse than a 
chest pain which lasted for a day or two. Dr. 
Case had a veiy similar experience. Most people 
would get a fit long before this. 

The most curious fact about oxy-gen poisoning 
is that the effects on the central nen^ous system 
arc extremely- variable in their lime of onset, both 
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between clifi'eient people, and in the same person 
Irom day to day. Even after I had had two severe 
fits and crushed some vertebrae, I remained more 
resistant than the average. But after about a 
hundred cxperinienis, in half of which I had had 
some nervous symptoms, I became so sensitive 
that I began to twitch after breathing oxygen for 
five minutes at atmospheric pressure. Of course, 
this may be attributed to hysteria, a conditioned 
reflex, or some such cause. But as I started breath¬ 
ing air through a mouthpiece, and nobody told 
me when the oxygen was turned on, neither ex¬ 
planation seems very likely. Other people varied 
irregularly. My wife breathed oxygen at ninety feel 
pressure on seventeen occasions. On one she lasted 
for eighty-eight minutes and knocked off with 
w'arning symptoms. On another she had a fit after 
thirteen minutes. Her other times were inter¬ 
mediate. 

Besides this great variation in the same person, 
there are differences between different people. 
Some people always seem to be sensitive, and arc 
clearly no good for under-water work involving 
oxygen breathing. It is very important to weed such 
people out. There is no wa)' of predicting before¬ 
hand how anyone will behave. Men Avho had been 
on several commando raids, or got a G.C. for 
dealing with mines under water, crumpled up, 
while a woman who screams on rather slight 
provocation, or an elderly and rather flabby pro¬ 
fessor, were quite happy. \Vorse still, one could 
not predict very accurately from experiments in 
air to what would happen under water. I had one 
of my fits for this reason. 
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One of the naval ratings who was being trained 
in itie use of oxygen under water was a boxer. 
While coming round from a fit he asked, “\N ho 
did that?"’ As he was lying down and someone was 
wiping him with a towel he probably thought he 
Itad been knocked out. The attendant an.swcred, 
“Oxygen Pete”. Oxygen Pete caught on. Would- 
Ijc oxygen divers were fit's! tested in Xo. 3 Chamber. 
In one corner of it someone wrote, “Oxygen Pete 
sits here.” If several people had fits on the same 
morning, people said, “Oxygen Pete's in form to¬ 
day,” and if one lasted unusually long one boasted 
of having got the better of him. 1 suppose a number 
of gods and devils started their mythological lives 
in some such way in the past. l ortunatcly Oxygen 
Pete arrived on the scene too late to be incor¬ 
porated into a religion. 

The oddest thing we found out was that oxygen 
lias a taste. The textbooks say it is a colourless, 
inodorous, tasteless gas. At six atmospheres I 
described its taste as “like dilute ink with a little 
sugar in it”. My colleague, Dr. Kalmus, described 
it as “like flat ginger beer”. Anyway it is both 
sweet and sour. Of course, this is an example of 
what Hegel and Engels called the tiansfoi maiion 
of quantity into quality. In pure oxygen at six 
atmospheres there is thirty times as much oxygen in 
a cubic inch as in air at one atmosphere. And thirty 
times as much dissolves in a cubic inch of water. 
You don’t taste sugar or salt dissolved in water 
till it reaches a certain concentration. Nor do you 
taste oxygen. Still it is rather striking that a gas 
\vith no sensoiy qualities at ordinary' pressures 
develops them at high ones. In the same way 
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aininoiiia and ineihane have quite a colour if 
you look ihrough enough of them. The first men 
lo go to Saturn (and by the way they will have to 
wear sclf-conlainccl diving dresses) will notice this 
(act, for a spectroscope shows that the atmospheres 
of the outer planets arc coloured by these gases. 

The greatest of all dangers to divers remains lo 
be described. An average man has about a litre 
of nitrogen dissolved in his body. If he stays for 
si.\ hours or so in the air at two atmospheres, he 
will have two litres, and so on. It soaks in rather 
slowly. Organs like the brain and liver, with a 
good blood supply, take it up quickly, but those, 
like the joints and fat, with a poor blood supply, 
take some hours to fill uj). Now if you have a 
liquid in which a gas is dissolved at a high pressure, 
and suddenly lower the pressure on it, the gas 
comes out of solution and forms bubbles. Ginger 
beer and champagne contain carbon dioxide under 
pressure, and froth when a bottle is uncorked. 

Much the same happens in a man or woman. 
If you have been for an hour at a hundred feet, 
that is to say at a total pressure of four atmospheres 
and incautiously screw up the escape valve of your 
diving dx'ess, it inflates until you suddenly leave the 
bottom. You shoot up to the lop, and within a 
few seconds you are black in the face, and un¬ 
conscious. If the attendant undoes your dress, 
)'OU will die in a few minutes, and the post-mortem 
examination ^vill show your blood vessels full of 
froth. As your heart cannot drive bubbles ihrough 
your capillaries, you die of oxygen ^vant. In such 
a case the only thing to do is to open the air vent 
and drop you back to the bottom again. The 
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bubbles are at once compressed to a quarter of 
their size, and soon begin to dissolve again in 
your blood. A number of lives have been saved 
in this way. 

Supposing, instead of coming up very rapidly, 
you do so in two or three minutes, the blood will 
have time to unload its spare nitrogen in your 
lungs on the way up. For on an average cvciy 
drop of blood goes through your lungs about 
twice a minute. But within a short time you will 
be in severe pain. The commonest places for this 
pain are the joints, but one can gel them elsewlicrc. 
You may also become paralysed. The joint pain 
is called “bends” because when one has it in the 
knee or elbow one finds it difficult to straighten the 
limb concerned. The pain has been described as 
unbearable. I don’t believe it. I have never seen 
anyone sweating with pain from bends, which I 
take as a good rough sign of severe pain. But it is 
quite enough to stop one working efficiently, and 
may go on for days. 

Bends are probably due to bubbles in the bags 
of synovial fluid which buffer the joints. A bubble 
in the nervous system is more serious. I have only 
had one. This was in the lower part of my spinal 
cord. For several days I had a burning pain in 
the skin of my buttocks. This gradually died down 
to a tickle, combined with a loss of ordina^ 
sensation. Both of these are still there after six 
years. If I had lost most of the sensation from my 
right hand, the result would have been more serious. 
Other people have had bubbles which interrupted 
the paths to muscles, and therefore caused paralysis, 
and some have died from this cause. 

p 
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If one is decompressed under conditions which 
just do not cause bends, a very common symptom 
is itching, often combined with redness of the skin. 
Nobody knows how this arises, though there are 
several guesses. 

My father. Dr. J. S. Haldane, worked out the 
method which is universally used to avoid bends. 
He found that, however long an animal or a man 
had been exposed to compressed air, it is always 
safe to halve the pressure. Thus even after many 
hours at thirty-three feet of sea water, or two atmos¬ 
pheres, one can come to the surface at once. But after 
a long time at sixty-six feet, or three atmospheres, it is 
only safe to come up to sixteen feet, or one and one- 
half atmospheres. Then one waits until one has got 
rid of some of the excess nitrogen, comes up a further 
stage, waits again, and so on. For example, after 
half an hour to an hour at 175 feet, one comes up 
to seventy feet in three minutes, stops three minutes 
at seventy feet, .three at sixty feet, seven at fifty 
feet, ten at forty feet, twenty at thirty feet, thirty at 
twenty feet, and thirty-five at ten feet. The total 
time spent in ascent is loi minutes, or perhaps 
three times as long as one spent on the bottom. 

Sir Robert Davis, of Siebe Gorman Go,, 
speeded up decompression by the following de¬ 
vice. The diver comes up to the first stop, and then 
gets into a chamber like a di\dng bell with an 
open bottom. An attendant helps him out of his 
dress, and gives him oxygen to breathe. In con¬ 
sequence almost all the nitrogen in the blood 
passing through his lungs comes out of it, and he 
can be decompressed a lot quicker. 

My father also recommended the use of mixtures 
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of air and oxygen under water, so that the diver 
would take up less nitrogen. However, no system¬ 
atic work had been done with such mixtures. The 
matter became urgent in 1943. It was foreseen 
that when we captured ports from the Germans 
they would leave behind them mines and obstacles 
such as sunken ships, which would have to be 
removed. Now you must be a very brave man 
indeed to hunt for magnetic mines in muddy 
water, e.specially if you have seen some of your 
comrades go up. You must be a man of super¬ 
human courage if you know that, if you hear a 
mine beginning to tick, and go up to the surface 
quickly, you may be paralysed for life if you are 
not blown to pieces. There is another reason why 
you should be able to come up quick. In an air 
raid on Le Havre or some other recaptured port 
in 1944 a man in a boat was in no greater danger 
than the average Londoner at the same time. But 
if he was under water he might be killed by the 
shock wave from a bomb bursting in the sea several 
hundred yards off. For water is so incompressible 
that a shock wave must travel very much farther 
than in air before it fades out. So divers should 
come up during an air raid. 

Clearly if the diver breathes a mixture of air and 
oxygen he will absorb less nitrogen than if he 
breathes air. Hence he can come up safely from 
a greater depth. So one wants to cut the nitrogen 
down as much as possible. On the other hand if 
he gets too little nitrogen, and too much oxygen, 
he will have a fit. It is safer to have a fit when 
clearing obstacles with a comrade ready to haul 
you up than when crawling under the Tirpitz, 


Bui it is not a hundred per cent. safe. So my wife 
and I set out to find out the safest mixtures to use 
at various depths and for various times. There 
were some calculations to be done first, for lite 
mixture in the di\er's lungs is by no means the 
sainc as that in his b(Utlc. Tlten we had to try the 
mixture. This meant going say to 70 feet pressure 
lor half an liour. One of us would work while the 
other kept watch. Then we were rapidly decom¬ 
pressed. If there were no symptoms we repeated 
the experience the next day for three-quarters ot 
an hour, and so on. If either of us got bends we 
generally took a day ofl' to let the bubbles dis¬ 
appear. 

riiese experiments were successful. .-Xccordiiig 
to the official tables, a di\er who had been at a 
certain depth for a certain lime was supposed to 
take forty-seven minutes to come up. \Ve did it 
in two minutes without anything worse than 
itching, though I admit the naval officer wlio 
tried it next got a rather stiff shoulder. So the 
official lime for an ascent from such a dive is, I 
think, seven minutes. But one could come up in 
one minute during an air raid without serious 
danger. The mixtures which we had tested in 
1943 were used by the “P-parties” which cleared 
occupied ports in 1944. This was our main con¬ 
tribution to winning the war, though I gave a good 
deal of advice on all sorts of matters, from tanks to 
bomb-aiming, and some of it was accepted. 

One of these matters was escape from submarines, 
and here Dr. Case and I had to deal with still 
another gas, carbon dioxide. Suppose a submarine 
is on the bottom and cannot rise. By the time 
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this is clearly known the air is fairly foul. Nonn 
all the hatches of a submarine open outwards, so 
that the water pressure outside keeps them sliiK. 
They cannot be opened till the air pressure inside 
is equal to the water pressure outside. Men can 
get out of a submarine one at a time from a small 
escape chamber, or twenty or thirty at a time from 
a flooded compartment. Suppose you are at 300 
feet, you let in water till the air in the compart¬ 
ment is squeezed into one tenth of its original bulk, 
"^'ou then put on your Davis apparatus, open the 
hatch, and ascend to the surface. .\t least vou are 

4 

supposed to. 

But there will certainly be some extra carbon 
dioxide in the ship’s air from the crew’s breathing, 
even if the air-purifying apparatus is acting well. 
At ten atmospheres there will be ten times as much 
in each cubic inch. \S’e were asked to find out how 
poisonous this gas was at high pressures. The 
average man lo.scs consciousness in about live 
minutes at ten atmospheres when there is as little 
as thrccrquartcrs of one ])cr cent, of carbon dioxide 
in the air breathed. This gives the same absolute 
amount per cubic inch as if he were breathing 
seven and one-half per cent, atmosjjheric pressun'. 

The standard set up was an inquisitor (Dr. Case 
or myself) and a rabbit (somebody else, after each 
of us had acted as rabbit). The inquisitor wore a 
respirator to absorb the carbon dioxide in the air 
breathed. If he kept it on he had the fun of seeing 
the rabbit lose consciousnc'ss and linally fail to 
respond even when his or her eyes were touched. 
Sometimes, however, the inquisitor got so intoxi¬ 
cated with nitrogen that he forgot to pul his t'espira- 
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lor on after taking it off to say something. Then 
there were two unconscious rabbits, and an ob¬ 
server outside gave the order to decompress when 
both appeared to have taken the count. 

The Admiralty also wanted to know wliat hap¬ 
pened if the \vater was very cold, as it is in the Arctic 
Ocean. So we used to lie in a shirt and trousers in 
a bath of water with melting ice in it until shivering 
became uncontrollable. This took about fifteen 
minutes for Case, and twenty minutes for me, as I 
am fatter. Then we were compressed, and any gas 
required was added. These experiments were not 
appreciably unpleasant. One feels a sharp pain 
round the neck at the surface of the water. The rest 
of the skin soon gets numb. One’s resistance to high 
pressure gases is slightly, but not very greatly, 
lowered. 

Dante said that the very tvorst sinners were frozen 
in icc. They were also exposed to compressed air 
['H^acr persd’’^ is his phrase, and the pressure tvould 
reach ten atmospheres at a moderate depth) and 
presumably to carbon dioxide from the flames. As 
one of the two people who have tried it, I can sa\ 
that the great Italian poet exaggerated the discom¬ 
fort of the sinners in question. I hope that if any 
reader has qualified for the eternal ice by the treach¬ 
erous murder of a relative or benefactor, this ma\' 
console him. 

It now remains to draw the moral. TJic first 
point is that such experiments can and should be 
done on human volunteers. The Nazis did similar 
experiments on political prisoners and on Russian 
military prisoners. They killed many of them, but 
the information which they got was of little value. 
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These experiments were, in fact, almost as futile as 
they were cruel. For the important practical ques* 
tion to be answered is, how long a man can can y on 
with his work under unfavourable circumstances, not 
whether, after he has become unconscious, one can 
bring him round again. Experiments on animals 
arc useful to show the kind of danger to be expected, 
but they do not tell exactly what a man can stand. 
This can only be done on human beings whose 
courage or curiosity will keep them going till thc\ 
drop. 

The second point is c\ en more important, for lew 
British people outside the British Union of Fascists 
defend the Nazi doctors. These experiments ought 
to have been done before the w'ar, and done much 
more methodically than we were able to do them. 
It is monstrous that men should be exposed to 
dangerous environments, whether in war or in 
industry, before the most thorough tests have been 
done to sec how' men can stand up to the strain in 
question. And it is often possible to w'ced out those 
wdio will not stand up to it. Let me take an example 
ii om industiy. Thousands of men and women have 
to inhale the vapours of solvents, for example, ol 
benzene in the rubber industry. Some fall ill, some 
do not. No really quantitative work has been done 
to find out exactly how much benzene must be 
inhaled to produce symptoms of given severity in, 
say five per cent, of a group of people. If this were 
done, two things might be possible. First, the danger¬ 
ous concentration of benzene vapour could be much 
more closely defined than at present. Second, it 
might be possible to pick out a certain group of 
workers (say the veiy fat, or those whose kidney 
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function was below the average) as specially likely 
to be injured. 

Sucli things will not be done until our industries 
set up physiological laboratories like the Royal 
Naval Pliysiological Laboratory- for this honourable 
and sometimes dangerous service. The only bodies 
which arc likely to insist on this being done arc the 
Trade Unions. It was, in fact, a Trade Union, the 
Amalgamated Engineering Union, which started 
mo on the work \\hich I have described here when 
they asked me for advice regarding some of their 
members who had been killed in H.M.S. Thetis. 

ft ^ air is only one of hundreds oP ab¬ 
normal environments in tvhich people have to work. 
All of them could, and should, be investigated. 
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wc need knowledge of nil kinds. A knowledge of 
economics is, of course, essential, but it is not 
sufficient. Biological knowledge is needed too. 

Let us take a simple example. We may ask under 
what conditions large towns can exist. Clearly the 
town dwellers must get food; and this means fit's! 
that there must be agricultural populations produc¬ 
ing more than they need to keep them alive, and 
secondly, means of transport. Also the town dwellers 
must make goods to exchange for their food. But 
this is not enough. A dense population is much more 
liable to disease than a sparse one. So there must be 
some check on the spread of disease. The greatest 
killers in the past have probably been waterborne 
diseases such as cholera and typhoid fever. These 
inevitably spread in towns if the water is drawn from 
wells which arc polluted by sew^age. 

There are two ways of avoiding this danger. One 
is a water supply drawn from the counir>-. The 
Romans made aqueducts (or forced slaves to make 
them) for all their great towns, and this was one 
reason why their towns grew’ as they did. A slave in 
ancient Rome luid a pretty bad time, but he got 
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better water than an English king up to a hundred 
years ago. Tlic other way is not to drink water, but 
beer, wine, or a beverage such as tea, made after 
boiling water, which destroys the germs of most 
diseases. Until our cities had decent water supplies 
it was safer to drink beer than water. However, the 
slogan “Beer is best*’ has been out of date for several 
generations. No one is likely to be any less healthy 
through the present shortage of beer, and manv 
people will be the belter for it. In the same way 
washing of the body and clothes keeps down lice, 
and thus prevents the spread of lousc-bornc diseases 
such as typhus fever; while cleaning up houses 
discourages the breeding of fleas and rats which 
carry plague. 

Howc\cr, \vc have a great tleal more to learn 
about overcrowding and undercrowding, and we 
inay learn something from a stud\' of animal societ¬ 
ies, not only ol highly social animals with division 
of labour, such as bees, but of other animals which 
live in groups. Overcrowding and undercrowding 
may work on a simple chemical basis. TJius a little 
green worm Convoluta ^vhich lives in sandy beaches 
is lolled if the sea water is diluted with an equal 
volume of fresh water. But 300 such worms in an 
ordinary dish survive quite happily. Between them 
they let loose enough of a protective substance to 
save themselves and their companions. But the \ ei'\' 
same worms arc more easily killed by potassium 
chloride if they are crowded than when alone. Thus 
what is undercro^vding in one context is over¬ 
crowding in another. 

AVith many animals there is an optimum density 
at which the reproduction rate is greatest. This has 
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been specially studied in food pests. When they arc 
too scarce they may have difficulty in finding mates. 
Even where this was not the case, Park found that 
frequent mating stimulated female grain beetles to 
lay more frequently. When the density exceeds ilie 
optimum greatly, there is comjjciilion for food, but 
even before this becomes important, the inci e jost¬ 
ling of beetles together may interfere with egg la\ ing. 
The influence making for fertility may be purely 
sensory, or, as we should say in a human case, 
psychological. Thus Harrison found that a female 
pigeon in solitary’ confinement would not lay eggs, 
ft was enough if she could see other pigeons, or even 
if she could sec her own image in a mirror. 

The most remarkable example of sensory influ¬ 
ences is found in locusts. Uvarov discovcicd that in 
the migiatory locust there arc two distinct phases, 
the solitaiy and the social. The social form is darker, 
smaller, and develops quicker. Above all it difVers 
in its habits. If its neighbours move in a certain 
direction it moves with them, and it readily forms 
swaiTns which may fly for hundreds of miles. The 
solitary form docs not behave in this way. As the 
locust population in an area increases, the insects 
change from the solitaiy to the social form. Chauvin 
found that a young solitary locust brought up with 
a number of other locusts, even of a difiercnl species, 
grew up into the social form, even if it was only in 
.society for one day out of foui*. The transformation 
occurred if the young locust was put in a glass tube 
surrounded by others, provided it had light. It only 
did so in darkness if it could touch its comrades. 
The adults only change if they can feel other locusts 
with their antennae. 
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Quite diffeiem efi'ects are found in other insect 
species. Grasse found that winged termites, al¬ 
though physically mature, will not mate if kept in a 
nest with workers and larvae. But they do so if 
others arc removed, even if they have never had the 
chance to lly off to found a new colony. Chen got 
nearer to human conditions by studying worker ants. 
\\ hen kept alone they dug holes in the earth, some 
quickly, some slowly. \Vhcn two were put together 
the slow one speeded up and the quick one slowed 
down, but between them they generally did more 
work than alone, even though they did not help one 
another. 

What has all this got to do with human beings? 
Not a very great deal with adults, but perhaps a lot 
\yith young children. Families arc smaller than 
sixty years ago, and c.xcept in abnormal times like 
the present, we do our best to have only one mother 
in a house. This means that until they can get out 
to play in tlie street or a public park, or go to school, 
many children sec little of other children. Of course, 
things are very diflerent where they go to a nurser)- 
.school or a creche such as those which arc part of 
every large factory in the So\-iet Union, and of 
which a number were started as wartime nurseries 
in England during the war. What effect does this 
have on babies? In the Soviet Union many people 
think it makes them social beings at an early age. I 
might be a much nicer chap if I had not been a 
first-born child without a brother or sister till I was 
five years old. Or I might be less intelligent, or both. 

I don’t know. But I do kno^v• that we want informa¬ 
tion on these Cjueslions, derived from obser\'ations 
on human beings, as well as on locusts and pigeons. 
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gci rid of all tlic licai wc produce in our bodies. 
This is aboui one hundred kilocalories an hour, 
when doing quite light work. If wc lost none of 
it, our temperature would rise rather over 
per hour, and wc should be dead in five hours 
or so. 

Wc lose some by warming the air round us, and 
by evaporating water from our lungs. When we 
gel warm wc unconsciously increase the flow of 
blood through our skins, so that wc lose more heal 
per minute to the air. 

This docs not necessarily mean that our skins get 
redder. One may have quite a red skin when the 
blood in it is pretty stagnant, as it is in one's face on 
a cold day. 

However, a time comes when increased blood 
flow will not get rid of all the heat, and then 
.sweating starts. This does not mean that the skin 
gets wet. On the contrary, when the air is dr)^ the 
sweat may evaporate the moment it reaches the 
surface. 

Evaporation is a ver)- efficient method of cooling. 
To get rid of loo kilocalories an hour you only need 
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to evaporate about 187 grams of water, or about a 
third of a pint. So if a man is in dry air at body 
temperature he need only sweat a gallon a day to 
keep cool. Actually this hgurc is too low, for* the 
process is not quite efficient, especially if clothes 
are worn. But it is not far out. As everyone can 
sweat a quart or more per hour, and some people 
over a gallon, there is a ver\' wide margin of 
safety. 

But air is nc\'er quite dry, even in an African 
desert, much less in England. The more water 
vapour the air contains, the slower the sweat evapor¬ 
ates, and the harder it is to regulate one’s tempera¬ 
ture. 

A very good measure of the effect of air on human 
beings is the wet-bulb temperature. Suppose we have 
two thermometers, one with an ordinary dry bulb, 
and the other with a bulb wrapped in a wick which 
dips into a water bath, this wet-bulb thermometer 
will always register a lower temperature unless the 
air is saturated with water vapour. 

For example, when the dry-bulb thermometer 
registers 86^ F., the wet-bulb thermometer will 
register 86'’ F. if the air is 100 percent, saturated, 
77^ F. ^vhen it is sixty-seven per cent, saturated, 
68° F. when it is thirty-nine per cent, saturated, 
and so on. 

Once the air is fairly warm, it is the wet-bulb 
temperature, not the dry-bulb, which determines 
how the heat will affect a man. Still better results 
are obtained with what is called a katathermometer. 
This is a vessel filled with water at the human body 
temperature, and wrapped in a damp cloth. By 
measuring the rate at which its temperature falls, 
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one gets a vei*y good measure of the cooling power 
of the air. In particular it is affected by air move¬ 
ment in much the same way as a man. If the air is 
hot and dry, a light breeze cools one, because it 
helps the sweat to evaporate. But once all the sweat 
has evaporated, any increase in the wind brings 
more heal to the body. 

So for each temperature and humidity there is a 
small range of wind speeds at which one is coolest. 
A hot wind can be very distressing, and even 
dangerous. 

However, the wet-bulb temperature is a good 
rough measure of what a man can stand. My father 
was one of the pioneers in work on this subject, with 
special reference to conditions in mines. For 
example, he went into a level in Dolcoath tin mine 
in Cornwall where the dr)'^-bulb read 94® F. and the 
wet-bulb 93.6®, so the air was almost saturated with 
water vapour. After an hour his mouth temperature 
was ioi.5®F. and his pulse rate 138, though he had 
taken liis shirt off. He gave up after an hour and 
three-quarters. On another occasion he stayed for 
over half an hour in dry air where the dry-bulb 
temperature was 182® F., and the wet-bulb 97°. 
His temperature had risen to 102.3®. ®ut with a 
dry-bulb temperature of 136® and a wet-bulb of 
89® he had no discomfort after an hour and a half 
and a very slight rise in temperature. 

In very dry air one can stand temperatures well 
over boiling point for twenty minutes or so. My 
father said he drew the line when his hair began to 
singe if he moved his head quickly. 

It is a good general rule that work is very un¬ 
comfortable if the wet-bulb temperature is over 
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80'^ F. and dangerous if it is over 90^ F. However, 
individuals differ, and most healthy people can 
adapt to some extent. There is not much difference 
between different races. Skin pigment protects from 
sunburn, but not from heat. 

During the war a lot of British men and some 
women had very thorough experiences of dry heal 
in the African desert, and of wet heat in Burma. 
Some died of heat stroke in each campaign. More 
would have done so but for the excellent experi¬ 
mental work on the subject carried out at the 
National Hospital, Queen Square, London. It is 
up to the survivors to see that similar work is carried 
out to protect miners, foundry workers, and others 
who are exposed to great heat in peace-time. 
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THE MINISTRY OF HEALTH Is ENGAGED IN TWO POSTER 

campaigns, one, urging us to hold a handkerchief 
in front of our faces when we cough or sneeze; 
and the other, to avoid venereal disease, though it 
does not tell us how to do so. 

“Clean living,** we were told, “is the only safe¬ 
guard.*’ If “clean living” means avoidance of 
sexual intercourse with people to whom one is not 
married, this is nonsense, and dangerous nonsense. 

However, I am not going to deal with this ques¬ 
tion, but to point out that the Ministry of Health 
gave no warning against a danger which kills more 
people, and causes more sickness, than coughs and 
sneezes or venereal diseases, namely dust. To be 
more accurate, certain dusts; for some dusts seem 
to be harmless, and others arc clearly good for 
health. The evidence as to what dusts are poisonous 
comes from the statistics of mortality in diflerent 
trades, and unfortunately we have no figures later 
than 1931. But a dust which killed people in 1931 
still kills them in 1949. 

Let us sec how we get evidence as to the harmful 
character of a dust. The kiln and oven men in the 
pottery trade, that is to say men engaged in making 
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earthenware, china, porcelain, terracotta, and glazed 
tiles, had a mortality fifty-seven per cent, above the 
average. Their death-rate from phthisis was 127 
percent, above the average; that from other lung 
diseases 147 per cent, above the average. We natur¬ 
ally look for something wrong in the air which they 
breathe. If the sudden change from heat to cold and 
back were responsible, we should expect the kiln and 
oven men baking bricks and unglazed tiles to have 
the same high death-rate. Actually their death-rate 
was thirteen per cent, below the average, and their 
death-rate from consumption was half the average, 
though the sudden temperature changes may explain- 
the fact that their death-rates from bronchitis and 
pneumonia were rather high. Furthermore we find 
that the pottery workers’death-rate from “chronic 
interstitial pneumonia”, which is the Registrar- 
General’s pet name for silicosis, was thirty-two times 
the average, and we need hardly go on to read 
medical reports on the lungs of dead pottery kiln men 
to conclude that dust kills a lot of them, though these 
reports certainly drive the point home. 

The dangerous mineral dusts mostly contain 
silica,^ and come from sandstone, slate, anthracite, 
abrasives such as emery and the sand used in sand¬ 
blasting, pottery glaze, and a few other sources. Not 
all mineral dusts are harmful. Limestone quarry- 
men have a total death-rate twenty-eight per cent, 
below normal, and their death-rate from phthisis is less 
than half the average. limestone masons and lime- 
burners who help to make cement are also healthier 
than the average. This has been known for many 
years. But piivate and public authorities go on 
using sandstone. One of the cathedrals at Liverpool 
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is largely built of red sandstone. Many lives would 
have been saved had it been built of brick, concrete, 
or limestone. The decision to build it of sandstone 
killed a number of men just as surely, and a good 
deal more slowly and painfully, than if a man had 
been buried alive under the foundation as a human 
sacrifice. For sandstone masons inhale so much 
silica that their death-rate from phthisis is four times 
the average. There is plenty of limestone in the 
Pennines, at no great distance; but the authorities 
both clergy and lay, responsible for such a building, 
do not think in terms of human life, whatever they 
may claim to do. 

Asbestos dust produces effects rather like those of 
silica dust, but it does not kill anything like so many 
people. On the other hand it is a good deal harder 
to detect by means of X-rays, so its victims are more 
likely to die or become invalids without compensa¬ 
tion than those of silicosis. 

Textile dust is pretty deadly in large quantities. 
Cotton blowroom workers, and strippers and grind¬ 
ers, who inhale cotton dust, had a death-rate forty-five 
per cent, above the average. They died not only of 
lung diseases, but of heart and kidney diseases. 
Wool dust also affects the kidneys. Wool spinners 
and weavers had over uWee the normal death-rate 
from kidney disease, though it does not seem to hurt 
their lungs. No one knows how the kidneys are 
damaged. It seems possible that the lung cells, 
instead of being clogged up with wool dust as they 
are with silica or asbestos dust, break the wool down 
into substances which are carried by the blood to 
the kidneys. But the kidneys are damaged in the 
effort to excrete them. For every pound of textile 
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(lust inltalcd by textile workers, I sliould think house 
wives inhale a hundredweight, though, of course, it is 
spread over many more people. The vacuum 
cleaner, which inhales textile dust without being 
poisoned, j)robably saves a lot of lives. 

Of course, a small number of workers are exposed 
to much more poisonous dusts. The dangers of lead 
dust arc fairly \\ell known. Manganese compounds 
afTcct the parts of tlic brain concerned with posture, 
and gi\-e rise to stiffness, twitching, and difficulty in 
w alking. Later on speech is affected, and emotional 
l ontrol may be lost. Hatters used to die on a large 
scale from inhaling merctiric nitrate dust, which is 
still sometimes used to loosen the rabbit fur from 
which felt is made. This not only rots the tectli, 
but causes a tremor called “hatters' shakes”, and 
(inally madness. The phrase “as mad as a halter” 
is not funny. Hatters did \'ery frequently go mad 
from mercury poisoning. However, more mercury 
poisoning seems to be due to the vapour than to 
dust. 

Other dusts cause dermatitis. This is particularly 
(ommon with explosives, such as “letryl”, whose 
dust particularly affects the inside of the nose. 
Trinitrotoluene and mercury fulminate also attack 
the skin. There is some evidence, though far from 
conclusive, that dust from tarred roads causes lung 
cancer. \Vith almost every new industrial process 
there is a new possible danger from dust. It is up to 
the orkers to see that these dangers are investigated 
before, and not after, several people have been 
killed, and hundreds made ill. 
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UUKING THE WAR A NUMBER OI INSEC1 ICIDLr> WERE 

developed on a very large scale. Perhaps the most 
successful, and certainly the most publicised oi 
these is an organic chlorine compound gcncralh 
known as D.D.l'. 

One of its most striking properties is that it tan 
kill an insect without being eaten, or even dusted 
over the skin, ff a fly settles for quite a short time 
on a surface containing a small amount of this 
compound, it absorbs enough through the pads oi 
its feet to die in a few hours at most. D.D.F. has 
been most extensively used in the tropics, where 
insects arc a far greater danger to human life than 
in cooler climates. It was dropped in powder 
from acrojjlanes in front of our advancing troops in 
Hurma to kill mosquitoes and ticks which infect men 
with “scrub typhus” fever. It has been sprayed 
onto cattle in Africa to kill the tsetse Hies which 
settle on them and carry various diseases. It may 
even be possible to rid a whole district of tsetsc^ by 
such methods. And it is quite cllicient against 
house flics. If a little D.D.T. is added to paint or 
distemper, flics which settle on the wall soon die. 
“The incorporation of D.D.T. in paints and dis- 
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temper is now an established procedure, and the 
practice seems likely to be extended in future,” 
writes a doctor discussing the matter. 

It would be very pleasant if, by simply distemper¬ 
ing a house, we could ensure its freedom from flies. 
But would it be safe either for the inhabitants of the 
house, the painters who distemper the walls, or the 
workers who make the distemper? This is not so 
certain. 

Perhaps the most striking experiment on tlie 
dangers of D.D.T. was done at the recently estab¬ 
lished Royal Naval Physiological Laboratory last 
year by Dr. R. A. M. Case and his technical assist¬ 
ant Air. Ireland. Their results were published in the 
British Medical Journal after the end of the wai-. 
The naval authorities were naturally impressed by 
the possibility of keeping down mosquitoes and 
other insects in ships in the tropics by using D.D.T. 
in the paint. But it is better that a few members 
of a crew should get malaria than that a large 
number should be poisoned. To test this possibility 
Case and Ireland used a small airtight chamber 
six feet across and six feet high. It was kept hot and 
damp so tliat they sweated constantly, and they 
wore trunks only. It was first painted with an ordin- 
ary paint and sprayed with oil. They stayed in it 
forty-eight hours, and as they had to sleep with their 
naked backs against the oily wall, they were in close 
contact with the paint. However, they took no harm. 
Then the chamber \vas painted vdth. a spray con¬ 
taining two per cent. D.D.T., and they did another 
two-day speD. 

During these days they did not notice much 
except a smarting of the eyes, and a period when 
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everything looked yellow. The smarting may ha\'c 
been due to sometliing else in the paint. 

But a day after coming out they felt touchy and 
tired, and gradually got worse. Three days later 
they had pains in the limbs and joints, and one oi 
them had to go to bed. These pains lasted about 
a month. There were various nervous symptoms 
visible to others, such as tremor of the arms and 
altered reflexes. The hearing was affected, and 
sensation lost in the skin. There was also a mild 
anaemia, and other changes in the blood like those 
of lead poisoning. Larger doses kill mammals, the 
liver being specially attacked. 

It is clear that if a ship’s crew was exposed to this 
sort of poisoning in a milder form for some months 
there might be a lot of slight illness which would 
lower their efficiency and probably raise the number 
of arrests for minor offences, even if there were no 
clearcut cases of poisoning. The Navy presumably 
turned down D.D.T. for use in ships in the tropics. 
Are we justified in allowing its use in paints and 
distempers in our homes? I don’t know the answer. 
The effects will certainly not often be so severe as 
those on Case and Ireland. 

But some babies will lick anything. A number of 
Australian children were poisoned by licking rain¬ 
drops which had run over lead paint. And house- 
painters get a good deal of paint over their skins. 
The Building Research Station, I believe, under¬ 
takes some physiological research. But I doubt 
whether they do any experiments as drastic as those 
which are in the day’s work of the naval physiolo¬ 
gists. Now that the effects of a fairly severe dose of 
U.D.T. on men arc known, it would be quite easy 
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to test ilic safety or otlicrwisc of different paints and 
distempers, looking for some of tlie milder symptoms 
\\ hich Case and Iieland dc\ eloped, such as the 
appeaiance of abnormal kinds of blood corpuscles. 
If this is not done, 1 do not suppose that many 
people will die or even become seriously ill. But 
there is quite a real possibility that millions of 
people will sufier slighih' in health. 

is on the market for all sorts of purposes. 

I t ^vas even on sale at the National Cage Bird Show, 
lor delousing canaries. The public has not been 
adequately warned that it can harm men, and even 
canaiies. as well as insects. It is a wonderful insecti¬ 
cide, and it would be a very great pity if as the 
lesult of a few a\'oidable cases of human poisoning, 
it weic not used .as it should be. I ha\’e often urged 
that physiologists should investigate the dangers of 
new chemical compounds before they have killed 
people or seriously injured them, and not afterwards. 
Here is a case in point. Unless Members of Parlia¬ 
ment who take the people’s health seriously raise 
the matter, it is unlikely that anything will be done. 
But if the matter is raised, the men who can investi¬ 
gate it are waiting. 
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rUUERCULOSlb IS NOT AN INCl KAHLL DISEASE lO-DA^ . 

A great many children develop tuberculous glands 
in the neck and recover completely. Adults with 
phthisis are often cured by sanatorium treatment, 
surgical operation, or both together. Nevertheless 
at best the cure is slow, and it is often incomplete. 
And no drugs arc of any great value, though, of 
course, they can be used to treat such symptoms as 
coughing. 

To-day there is definite evidence that a rapid and 
complete cure is possible. The hope may be a false 
one. I should not be prepared to bet more than 
three to one that the problem has been solved. 
But the evidence is certainly worth putting before 
the public. When penicillin proved its value, a 
number of substances were prepared from moulds 
which killed bacteria when cultured on artificial 
media. Many of them arc no use in medicine, cither 
because they arc almost as poisonous to men and 
animals as to bactena, or because they do not 
penetrate the tissues where the bacteria are at work. 
The American biochemist Waksman prepared t\vo 
extracts from different moulds living in the soil, 
which prevent the growth of tubercle bacilli outside 
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the body, and may actually kill them. One of these, 
streptothricin, caused such mortality when injected 
into infected guinea pigs that it would have been 
wrong even to try it on human beings. 

The other, streptomycin, was injected into a 
number of guinea pigs which had been experiment¬ 
ally infected with human tuberculosis. In a typical 
experiment forty-nine animals were used. Seven 
weeks after infection, twenty-five were injected with 
streptomycin either daily, or every six hours; the 
other twenty-four were not treated. After twenty- 
four more weeks, seventeen of the untreated 
guinea pigs and only two of the treated ones had 
died. One of these two had only slight tuberculosis 
All the survivors were then killed and examined. 
Some of the treated animals had no signs of tuber¬ 
culosis at all. A minority had a few tuberculous, 
glands such as arc common in human children. But 
a few living tubercle bacilli were found in some 
apparently healthy animals. 

Drs. Feldrnan, Hinshaw, and Mann of the Mayo 
Clinic in Minnesota, who published these results, 
refuse to use the tvord “cure” even of guinea pigs, 
but the facts speak for themselves. Nothing further 
has been published, but Dr. Feldman, in the Harben 
Lecture to the Royal Institute of Public Health in 
London, has described the effects of streptomycin 
on human tuberculosis. It ^vas only used on very 
severe cases. The symptoms cleared up completely 
in a number of cases of phthisis and of lupus (skin 
tuberculosis). Even more striking is the fact that 
most, though not all, of the treated cases of tubercu¬ 
lar meningitis recovered. This disease has so far 
almost always been fatal. 
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In spite of such remarkable successes. Dr. Feldman 
merely says that the results are highly encouraging, 
but adds that the facts do not warrant the con¬ 
clusion that an ideal drug for the treatment of 
clinical tuberculosis has been found. 

Of course, it is quite possible that the remissions 
\vill only be temporary, and that the disease will 
develop again. This possibility will remain until the 
patients have been free from symptoms for five years 
or so. The reason for this doubt is that bacteria 
develop resistance to other similar substances. And 
it may be that a few remain behind in apparentl\' 
cured patients. If so the disease may start again 
after some months or years, and streptomycin will 
have no effect on it. Nevertheless a number of 
people who would have died without treatment are 
alive to-day. 

The drug does not seem to be dangerous to human 
life, but a small fraction of the treated patients 
develop giddiness, and have some trouble in walking 
when they leave their beds. Its action is not confined 
to tuberculosis. It has a dramatic effect on tularemia 
and very probably on plague; and is being tried on 
leprosy. 

So much for the bright side. Unfortunately there 
arc two sides to this story. Waksman, and his 
colleagues, Bugie and Schatz, purified streptomycin. 
But it is one uiing to make enough of a pure sub¬ 
stance to determine its composition, and a very 
different one to make it by the hundredweight. 
Pure streptomycin is being made by Merck and Co. 
of Rahway, New Jersey, at the rate of more than a 
hundredweight a month, and sold at a price which 
suggests that they are making good, but not fantastic, 
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proliis on it. But they do not disclose the processes 
by which it is purified. Very likely there is nothing 
peculiar about them, and it would be difficult to 
take out patents to cover them. At any rate, they 
do not state the methods used, and there is no 
method of making them do so. The stuff must be 
purilicd. One of the earlier preparations used by 
i eldman and his colleagues contained an impurity 
which killed one guinea pig and made others ill. 
If the drug is even half as useful as it appears, and 
only ten million tuberculosis humans arc to be 
treated, the world demand will be five or ten tons 
per day. 

As a result of the “iron curtain’* of secrecy,' 
workers in various European and Asiatic countries 
will have to start researches on purification from the 
beginning, and probably some hundreds of thous¬ 
ands of people will die on .account of the delay. 
Many readers may know at least one such person. 
If this were pointed out to the directors of Merck 
and Co. they would probably answer that they had 
spent millions of dollars on research, and that if they 
published their methods they would go bankrupt, 
and would certainly never attempt such research 
again. This is probably quite true. The blame for 
such conduct does not rest on individuals, but on the 
economic system. I do not think that a State would 
dare to do such a thing. Supposing a Czechoslovak 
government laboratory discovered a cure for cancer 
and kept the details secret, world public opinion 
would probably force them to disclose it. 

It is a familiar anti-socialist argument that States 
are more ruthless than private individuals. I think 

♦Obviously modelled on that surrounding atomic energy release. 
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that ilic above facts disprove it. But it is the capital¬ 
ist system, rather titan original sin, which makes 

ihem ruthless. • i • 

Meanwhile there is nothing to be done in this 

countiy but to start making streptomycin. It is, of 
course, a gamble. So was the atomic bomb. It ma\ 
not be a.s useful as appears at first sight. Hut an 
aeroplane can crash on its trials, or a battleship be 
sunk by a single bomb. Vet we go on building them. 
If Members of Parliament, especially for Scotland 
and Wales, which arc more tuberculous than Eng¬ 
land, put suflicient pressure on the Government, wc 
shall get to work on it at once. Otherwise we shall 
wait till a large number of experts have been a 
hundred per cent, convinced, and the Treasury has 
gone into the financial side. During the months 
taken by these processes a good many thousan<l 
people will have died. If every tuberculous man 
and w'oman, and every parent of a tuberculous 
child in Britain, would w'rite to their M.P. next 
w eek wc could and should get off the mark. I hope 
that this article will start a national movement for 
armaments against the tubercle bacillus, which has 
killed more of us than the Germans ever did. 
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FOR AGES IT MUST HAVE BEEN KNOWN THAT PLANTS 

kept in a shady corner often grew towards the light. 
If you believe in a life-force, or something equally 
ill-defined, you will regard such a tendency as 
natural, and not investigate it further. If you think 
materialistically, you will want to know how this 
growth, which is obviously useful to the plant, is 
achieved. 

In 1881 Charles Darwin, who was a great experi¬ 
menter as well as a great theorist, wrote a book on 
The Power of Movenunt in Plants, in which he stated 
that *‘whcn seedlings are exposed to lateral light, 
some influence is transmitted from the upper to the 
lower pan, causing the latter to bend”. He did not 
discover the nature of the influence. In 1911 a 
Dane called Boysen-Jensen found that if he sliced 
off the top of a growing barley shoot and put it 
back again with a line film of gelatine betw'een it and 
the rest of the shoot, the influence was still trans¬ 
mitted, W'hile it would not pass through w^atertight 
films. Later Kogl, Erxleben, and others, mostly in 
Germany, actually isolated chemical substances 
Avhich, in extraordinarily small quantities, stimulate 
plant growth, and showed that they are formed in 
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the growing point of a shoot and pass do^^■n in the 
sap on the shaded side of it. 

All this sounds interesting but ver)^ remote from 
practical agriculture. To judge from a series of 
communications published in Mature on Apnl 
28, 1945, it may prove, though quite indirectly, the 
means of making Britain much more self-sufficient 
as regards food supply. The most easily pieparcd 
of these plant hormones is indolyl-acetic acid. This 
is such a powerful stimulant that if it is added in a 
concentration of under one part in ten million to a 
watery solution in which plants are growing, it will 
kill the majority of species. The roots cease to 
lengthen, the leaves curl up in a characteristic way, 
and so forth. Similarly one can kill a man or an 
animal with an over-dose of the hormone from the 
thyroid gland, of which a small amount is absolutely 

necessary for normal grow'th. 

Nutman, Quastel, and Thornton, at Rothamsted 
Experimental Station, started from the observation 
of a Chinese colleague, Chen, that the bacteria 
which fix atmospheric nitrogen in clover roots 
produce a hormone which makes them curl uj3. 
They found that though it is poisonous in water, it 
soon disappears from soil. But a chemically related 
substance, sodium 4-chloro-2-methyI phenoxy- 
acetate, persists in soil for some weeks, and has 
similar efrects. Fortunately it has much less effect 
on cereals and grass than on most other plants. 
Slade, Templeman, and Sexton, working for Im¬ 
perial Chemical Industries, had been secretly 
testing this substance among others for some 
years, and Blackman, at the Imperial College, 
London, also experimented with it. No doubt 
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ii will sDon hr on the inarkcl undei' a tiadc 
name. 

Tlic amounts needed are extremely small. Slade 
used one pound per acre, Blackman as little as a 
quarter ol' a pound. This is dissolved in about a 
hundred gallons of water, and sprayed. In these 
quantities it does not harm cereals or meadow grass, 
nor peas, onions, and leeks, although root crops 
such as the turnip and beet are very sensitive to it. 
But it completely wipes out a number of annual 
\v’ecds, such as yellow and while charlock, and 
poppies. Some perennial weeds, including butter¬ 
cups and horsetails, are killed; but unfortunately 
docks, Slinging nettles, and bracken, stand up to it. 
Where weed infestation is serious, the effect may be 
enormous. Blackman obtained a ninety per cent, 
increase in one of his cereal crops. It is still loo carh’ 
to suggest what effect it would have on the wheat, 
oats, and barley production of this country, but if it 
raised it by five percent., this would be of very great 
value. 

Heavier doses will kill off' all kinds of plants, 
including grasses and clover, and this may be of 
great use in improving pastures. For the poison 
disappears from soil in a few weeks, and after this a 
new crop of meadow grass can be sown. It is very 
important that the soil is not permanently poisoned. 
Some weed-killers contain copper and arsenic; and 
tliese may remain in the soil for many years, and 
may harm valuable plants, or even make them 
poisonous to men. 

Incidentally an ounce should be quite enough to 
eradicate the weeds on a fairly large lawn, including 
mouse-eared chickweed, which is not touched by 
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iron ammoniuin sulphate, though this is very 
efFective against plantains and dandelions. So this 
discovery may mean not only cheaper bread, 
porridge, and beer, but better cricket, lawn tennis, 
golf, and bowls. For 1 have no doubt that the 
turf of our sports grounds, even where they had 
not been dug for victory, cU'tcnorated during the 
wars. 

It is probably onh the first of a scries of similar 
discoveries. The other plant hormones, and the 
substances related to them, arc a good deal harder 
to make in a laboratory, and cannot yet be made on a 
factory scale. But when they arc made, it is likely 
that a different group of plants may prove speciall) 
sensitive to them. For example, one of them may 
prove to be harmless to beet and turnips, while 
active against their weeds. Or pcrliaps it may be 
very effective against bracken. 

Once more the value of pure science, or, as 1 
prefer to call it, long-term research, is demonstrated. 
When one discovers a fundamental fact, one rarely 
knows what will be its practical value if any. 
Darwin and Boysen-Jensen may have thought that 
their work would produce straight trees. They 
would never have guessed that they were on the 
track of a super weed-killer. 

On the other hand if agricultural research 
workers had realLsed the poisonous nature of an 
overdose of these hormones, the work would have 
been done earlier, and the lives of a number of 
merchant seamen who died to bring us wheat, 
would have been saved. The gap between funda¬ 
mental research and its application is far too wide. 
It will only be bridged when wc have far more 

R 
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workers on fundamental research, and when they 
spend a part of their time in peace, as most of them 
have done in war, in the practical application of 
their special knowledge. The experience of tlie 
Soviet Union suggests that this will be far easier 
under socialism. In England a professor who takes 
time off to work for a private firm is very properly 
censured, though he is allowed to do public service. 
In a socialist country all applied science is public 
service, and the gap between theory and practice 
is narrowed. That is one reason why more and 
more scientists arc becoming socialists. 



A great anniversary 


ON DECEMBER 21 , 1846, THE IIRSI SLRGICAI 

operation under an anaesthetic was done at 
University College, London. The anaesthetic used 
was ether. This was almost certainly the first use 
of an anaesthetic in England for a serious operation. 

The pioneer in this field was the great chemist 
Davy, who showed that nitrous oxide, or laughing 
gas, was an anaesthetic. However, if you breathe 
it pure you get no oxygen and soon go black in the 
face. And a mixture with air usually contains too 
little oxygen or too little nitrous oxide. So either 
you do not lose consciousness fully, or arc suffocated. 
There is no harm in being slightly suffocated during 
the extraction of a tooth, but it would be pital during 
an operation lasting half an hour. So nitrous oxide 
can only be used in a major operation if it is mixed 
with the right amount of oxygen, and even in 
dentistry such a mixture is desirable. 

The vapour of ether was first used as an anaes¬ 
thetic in America. There is some doubt as to who was 
mainly responsible, though Wells probably d^cr\'cs 
most of the credit. It is also said that the effects of 
ether were first observed at ether parties, where the 
guests used to breathe or drink ether to gel drunk. 

^49 
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This has the advantage over alcohol that one 
recovers much more rapidly, but it is certainly 
more dangerous. Ether was probably used in 
Scotland a few months earlier than in England, and 
Simpson soon introduced chloroform at Edinburgh 
as a rival anaesthetic. Ether is very inflammable, 
and sometimes explosive, while chloroform is not. 
This was a ver>' serious matter before the days of 
.steam heating. Also ether is more apt than chloro¬ 
form to cause coughing and struggling if it is used 
to “put the patient under”. Nowadays the anaes¬ 
thetist usually makes one unconscious with ethyl 
chloride, or some rapidly acting vapour and then 
switches over to chloroform or ether. However, 
occasionally ether is used from the start. The last 
time I had a serious operation they used it on me, 
and I found the experience delightful. Still many 
people dislike it. 

Since those early days a number of other gases 
and vapours have been used, but none have been 
very widely adopted. Other anaesthetics arc in¬ 
jected into a vein in liquid form, sometimes in 
conjunction with inhaled ether or chloroform. 
Finally it is possible to block the sensoi*y nerves 
leading from a part of one’s body, without blotting 
out consciousness. This can be done by injecting 
a drug near a nerve, or inside the backbone. 

No surgeon thinks of doing a serious operation 
without an anaesthetic. But, unfortunately, al¬ 
though it is a century since Simpson first used 
chloroform in childbirth, hundreds of thousands of 
babies are bom every year in Britain without any 
attempt to alleviate the mothers’ pain. It is not 
always necessary, and it is often quite sufficient to 
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dull (he pain wiihoiu making the mother (pjitc 
unconscious. But an anac.sthetic should always be 
available. 

How do anaesthetics acij* There arc plenty of 
theories, but nobody knows for certain. All anaes¬ 
thetics show two properties. They are soluble in 
water, and also in oily substances. Because they are 
soluble in water, the blood can take them up, and 
earn' them round to all parts of the body. Because 
they are soluble in oil, ihe\ can get through the 
oily films which surround the cells, and penetrate 
into the watery protoplasm inside them. Probably 
cvci*y substance with tliesc two properties is an 
anaesthetic unless it has some other effect before it 
reaches a higli enough concentration to make one 
unconscious. A substance like sugar or salt which 
is soluble in water but not in oil is seldom an 
anaestliciic, ihough magnesium chloride is one 
when injected into a vein. Nor is a substance like 
camphor or castor oil which is soluble in oil but 
not in water. .\nae.sihetics probably act by slowing 
down various processes, including oxidation, which 
takes place in living cells. They can interfere with 
other organs besides the brain. For example, 
chloroform can damage the liver very severely, and 
many people have died in consequence. This is one 
reason why ether is more often used than chloroform. 
How they act is far from clear. But a new light had 
been thrown on it by the remarkable discovery of 
Captain Bchncke, of the U.S. Navy Medical Corps, 
and his colleagues, that nitrogen and argon arc 
narcotics. If you breathe pure nitrogen or argon you 
fall down unconscious with oxygen want. If you 
breathe them mixc<l with enough oxygen at ordin- 
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ary pressures iioihing happens. Bui you breathe 
them at high pressures, even with plenty of oxygen 
added, you become silly. No one has breathed them 
at a high enough pressure to become quite uncon¬ 
scious, but I ha\'e found that in aii' at ten atmos¬ 
pheres' pressure, the sense of pain is already greatly 
dulled. 

Now nitrous oxide is about forty times as soluble 
in water as nitrogen, and in consequence the blood 
takes up enough of it at an ordinaiy- pressure to act 
as an anaesthetic. But weight for weight, nitrogen, 
nitrous oxide, and chloroform are about equally 
narcotic, and ether distinctly less so. Only you 
would need about thirty atmospheres’ pressure to 
force as much nitrogen into your body as the 
amount of nitrous oxide or chloroform that you can 
take up at an ordinary pressure. Since nitrogen and 
argon do not combine with anything in your body, 
this means that they simply act by getting in the way 
and slowing down chemical processes. It is quite 
possible that the rare gas xenon will prove to be the 
ideal anaesthetic. At present it cannot be prepared 
in large enough quantities, but if air is liquefied on 
a vast scale, as it is in connection with underground 
burning of coal in the So\det Union, it may be 
practicable to use it. 

However that may be, we have had other quite 
good anaesthetics for a century, and it is a scandal 
that we do not use them as they should be used. 



THE LAYMAN’S VIEW OF NATURE 


I AM NOT GOING TO TRY TO TELL YOU WHAT NATURE 

is. The question with which I shall try to deal is 
how we should regard nature, not only intellectually, 
but also emotionally, Here there is a very sharp 
contradiction in human thought. To lake an ex¬ 
ample, on the one hand wc describe certain conduct 
as “unnatural vice”. This conduct is abnormal, but 
it is not, as a matter of fact, unknown among animals 
other than ourselves; however, we regard this des¬ 
cription as an extreme condemnation. On the other 
hand, if wc read St. Paul wc find that he said that 
“natural man recciveth not the things of the spirit of 
God.” So neither natural nor unnatural conduct 
seems to be very satisfactory! We see what I think is 
essentially the same conflict of ideas and the same 
unsatisfactory view of nature in T. H. Huxley’s anti¬ 
thesis of the cosmical process of nature and the ethical 
process in which we are concerned as human beings. 
I think that a contrast of that sort is inevitable if we 
regard nature as a planned whole; but as a matter 
of fact, nature is full of strife of all kinds, and the 
strife of our morality with nature in general is oidy 
one incident in that strife. Indeed, from the point 
of view of a student of nature who was not particn- 
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larly intcrcsiccl in man, il would be a very small 
elemeni compared, for example, with the strife 
between the enormous forces which, on the one 
hand, build mountains and, on the other, le\ cl them 
down, or the still greater forces which are concerned 
in astronomical events. 

VV'C have to recognise that nature is the realm 
of strife and not something planned: but apparently 
in order to be able to see that some principles run 
right through nature it was necessary for human 
thought to pass from an animistic stage, wherein 
cvety natural object, such as a tree, a brook, or a 
thunderstorm, was inhabited by some spirit more 
or less similar to the human mind, to the stage of 
regarding nature as created or controlled by a single 
intelligent being. Personifying nature, to some 
extent, by this way of thinking has undoubtedly left 
traces in the thought of even the most atheistic of us. 

We have to ask ourselves, then, what is the alterna¬ 
tive to this religious view of nature? As a scientist 1 
reason about nature. For example, I have attempted 
to reason about the evolution of animals, plants, 
stars, and so on; but why have I done this about 
natural phenomena rather than about, let us say, 
economic phenomena? One reason is a veiy simple 
one. It is because I like nature. Nebulae and earth¬ 
worms both please me. They did not please the men 
of the early historical period so much, whatc'-er 
may have been the case with primitive men, of 
whom M-e know very little. Our ancestors, so far as 
we can judge of them, were so obsessed b> human 
notions, such as the notions of utility and honour, 
that they had to pass through the stage of regarding 
nature as '‘ihc works of an Almighty hand’' before 
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they could permit themselves the pleasure oi 
enjoying it; and we, too, have not learned our lesson 
thoroughly. I will go so far as to say that I think 
that the decay of religion has probably had a bad 
effect on art, because it has lessened the artist’s 
fidelilv to nature. I quite appreciate the desire of a 
painter from time to time to paint something queer, 
but the queerest imaginations of the surrealists arc 
not half as queer as what one sees in an ordinary 
microscope. What I think is wrong with these 
imaginative products of art—whether they arc 
medieval representations of human beings with 
horns or wings where these things ought not to grow, 
or surrealist pictures of human beings with eyes in 
the middle of their stomachs, in the palms oi their 
hands, or in their feet—is that they have not passed 
the test of natural selection. 

I want to suggest that in our thought and feeling 
about nature, natural selection should, for some 
purposes—although very emphatically not for all 
purposes—replace the idea of a Creator. It is not 
that we should reverence or worsliip natural 
selection as some eugenists apparently do, but I 
think that we should respect it in the sense of reali¬ 
sing that animals and plants in their natural state 
have passed the test of natural selection and are to 
that extent respectable. If you want surrealist 
animals you can look at mutant forms of natural 
species which have not passed this test. You can go 
to a poultry and pigeon show, and you can see, for 
example, pigeons like the breed called FaiiA 
Swallows, which have wing feathers growing out ol 
their feet, and are almost incapable of flying. You 
can sec Polish and Houdan fowls with a crest ol 
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icaihurs falling clown over their eyes so that they c:an 
fuirdly see. You can go to a biological laboratory 
and see insects with legs growing out of their eyes. 
But these animals are not respectable in the same 
way as arc the natural forms. I repeat that it is of 
the utmost importance that we should not worship 
natural selection, nor any hypothetical life force 
behind o'olution. If we do, w'e shall probably end 
up with something like Nazi morals. But we should 
recognise that it is an aesthetic as well as a biological 
criterion. 

I would go further and suggest that invertebrates 
might fill the place in art which the supernatural 
dici in the past. If my ix>rtrait had been painted 500 
ycai-s ago it would probably have been in a group 
including the Virgin and Child in the middle, one 
or two angels, and perhaps a small devil in the 
corner being socked by one of the angels. If it w'ere 
painted to-day I should like the painter to add one 
of the small insects with which I work, represented 
as being, say, three feet long, and painted as care¬ 
fully as an angel or a devil. They are, in my opinion, 
extremely beautiful creatures. Painters have not 
discovered the microscope or the telescope. In 
addition, we have got to try to realise the past of 
our planet. Perhaps the first serious artistic attempt 
to do so is Walt Disney's FantastOy but much as I 
admire that film it could have been very conader- 
ably more accurate. Above all, I think that an 
artistic and, if you like, a poetical appreciation of 
the biological past of our planet should try to bring 
out the tragic side of evolution, the vast hosts of 
beautiful species which are now dead. I particu- 
larlv mourn for the beast called Thoatherium, one 



THE layman's view 01 NAiT R1 ^57 

of the Litoptema, which I suspect was die most 
beautiful animal which ever existed. It was like a 
racehorse, but considerably more streamlined. 

We are all of us cut off from nature, and not OJily 
the town dwellers. It is perhaps important to 
remember something that we sometimes forget: that 
an English field is as much a human product as is a 
Ixindon street. It is only on the seashore, on the 
moors, and in a few forests, that wc sec nature any- 
tliing like what it was before man interfered with it. 
Yet if we arc intellectually and emotionally cut off 
from nature, wc suffer a loss which is hard to define, 
but w'hich I will tr>^ to explain. The inevitable 
emotional crisis of our lives, birth, love, and death, 
arc essentially natural events which w-e share with 
other animals, and particularly w'ith the other 
mammals. These events fit into nature better than 
they fit into civilisation. All three of them are, from 
the point of vitAV of a mechanised civilisation, 
indubitably messy processes. Our ancestors surroun¬ 
ded them with religious acts: churching, baptism, 
marriage, funerals, and so on. Without that back¬ 
ground they lose something. Wc can regain that 
loss, and more than regain it, if we come to see them 
as part of the great rhythm of nature. Probably 
the relations between man and wife are the most 
natural thing in most urban people's lives to-day, 
but because they arc part of nature rather than 
civilisation, we have surrounded them with ideas 
like sin and dirt. I believe that the best way to 
overcome this is that cliildrcn should see animals 
going through their natural life cycles of birth, 
mating, and death, and taking these things as they 
come, as wc all must do. 
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\Vc liavc lo siecr oiir way bciwccn Lwo evils. One 
evil is lo regard natural events cither as being sinful, 
as physiological love is according to the Roman 
Catholics, or as a punishment for .sin, as death is 
according to all Christian doctrine. The other 
danger, which is equally serious, is to go any 
distance in the <lirection of worshipping nature: for 
e.xamplc, to suppose that our natural desires for 
sexual satisfaction ought to override our social 
obligations, or that children born with an abnorma¬ 
lity should be allowed or encouraged to die jusi 
because they would do so in a state of nature. 
Nature dcseiA’csour admiration, but not our svoi'ship. 
Nor does any postulated creator of nature. If we 
took the orthodox view that the Creator had made 
the larger objects of nature, such as heavenly bodies, 
separately, and had also created a few of each 
species of animal or plant and endowed them with 
faculties of reproducing their like, an unbiased view 
of nature would lead to a rather strange conclusion. 
The Creator would appear as endowed with a 
passion for stars, on the one hand, and for heclles 
on the other, for the simple reason that there arc 
nearly b^ooo species of beetle know’n, and perhaps 
more, as compared with somewhat less than 9,000 
species of birds and a little over 10,000 species of 
mammals. Beetles are actually more numerous than 
the species of any other insect order. That kind of 
thing is characteristic of nature. 

I would say that the more \vc know of naiin e, the 
more wc admire it, and even love it; but the less 
we arc inclined to worship it, and the more morally 
degrading becomes the worship of its Creator, w ho. 
if he existed, lavished as much care on tapeworms 
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and lubciclc bacilli as on antelopes and oak 
trees. 

Nevertheless, we cannot understand oui'ScKc*s or 
our neighbours adequately except against the back¬ 
ground of nature, from which we spring. What we 

must not do is 10 follow Wordsworth when he said; 

* ' 

‘‘One im]>ulsc from a vernal \Nood 
May teach you more of man 
Of moral evil, and of good. 

Than all the sages can." 

From a contemplation of naiiire we can certainly 
learn a great deal about man, but moral evil and 
good arc mainly our own contribution. We find 
only the merest traces of them in the higher animals. 

VVe ought then for our own good to have access to 
nature and knowledge of it. To my mind, it is 
monstrous that child should grow up without 
some acqu^*^ilancc wdth nature, and, above all, I 
wou'-J -^ay without an opportunity for intimate 
nowledge of some individual plants and animals. 

IS that the ^VftYngc pet animal in L 'iidon has 

We, but I believe tliat it ould be 
possible evc'.i for every London child to have room 

^ ^J??»all aquarium in wliich fish or newts could 
.ivc for a reasonable time and beget sons and 
daughters, or to have some other opiiorlunity of 
-seeing wdiat non-human life is like. 1 think it is as 
monstrous that an educated man should be ignor¬ 
ant of the Theromorpha as of the Ancient Britons 
or Teutons or palaeolithic man; all of them arc our 
ancestors, and their study is relevant to us. 

But is that all? One thousand five hundred years 
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ago our aiK isiors recognised no duties outside th 
circle of kinsfolk. Today we recognise duties to i 
mankind, ahhough our thought is so bound up wi 
the idea of duties to our kin that we have to disgui. 
that fact by using metaphors such as the brother¬ 
hood of man. VVe are also beginning to recognise 
duties to the higher animals, although so far we can 
only say that we have the negative duty of not 
causing them unnecessary^ suffering. Have we any 
duties to plants and inanimate nature beyond 
preserving them for the delight, instruction, and 
use of our own species? I do not know the answer to 
that question, but I expect it is yes. It is a poor man 
who does not love his country, which is not the same 
thing as loving his countrymen. That is something 
in addition. If wc love it, then I think we have a 
duty to it. Only posterity is going to be able to 
decide this question of whether we have a duty to 
nature, but on the general princigjethat every' step 
in man’s technical achievement broItO'tns the sphere 
of his duties, I expect that posterity wiU'afc.^^e 
the affirmative. 

The parlicular duty of intehigcnt men lo-da^ 
regard to nature is, I think, a duty tonJt'f'.T^selves 
to their fellow-men, rather than to nature itself. In 
our dealings with nature wc cannot avoid thinking 
in metaphors of religious origin; for example, that 
it exists for our use (or for some other purpose) or 
that it obeys laws. \Ve have to know nature as it 
is, and ihus to secularise our conceptions of it and 
our treatment of it. As we come to study nature— 
particularly those of us who devote much of our 
lives to that study—wc gradually approach a world 
view in which bacteria in our own flesh are as 
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■’titural and as interesting as grass on a bank, in 
bich our deaths and those of our friends arc 
bidents in a process which we cannot but admire, 
c*t?en though we do our best to modify it; and we see 
that the struggles between classes and nations arc 
phenomena susceptible to the same kind of analysis 
as the phenomena of nature, and, therefore, capable 
of control and ultimately elimination when we 
understand them scientifically. In fact, we can only 
begin to consider scientifically “What Is Life" aftci 
we have got accustomed to thinking scientifically 
about nature. 



